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$FNQRZOHGJHPHQWV
)LUVWO\ , ZRXOG OLNH WR JLYH WKDQNV WR WKH SDWLHQFH DQG VXSSRUW SURYLGHG E\ P\
VXSHUYLVRU\ SDQHO 3URI 6LPRQ -RQHV $ 3URI .DULQ 5HLQNH DQG 'U /XNH :DOODFH
IURP 50,7 DQG 3URI $QGUHZ 6NLGPRUH IURP WKH 8QLYHUVLW\ RI 7ZHQWH 6LPRQ
WKDQN \RX RQFH DJDLQ IRU ILUVWO\ FRQYLQFLQJ PH WR HPEDUN XSRQ WKLV MRXUQH\ DQG
WKDQN \RX IRU WKH QXPHURXV WLPHV \RX WDONHG PH RII WKH OHGJH RI JLYLQJ XS GXU
LQJ WKH ILUVW \HDU <RXU DELOLW\ WR IUDPH WKH SURMHFW DPRQJVW WKH ELJJHU SLFWXUH
DQG \RXU FRQYLFWLRQ LQ P\ DELOLW\ WR JHW WKH ZRUN GRQH KDYH SDLG RII DQG , FDQ
RQO\ KRSH WR EH DV VXFFHVVIXOO\ LUUHYHUHQW DV \RX DUH PRVW GD\V .DULQ WKDQNV
IRU SXOOLQJ PH EDFN WR UHDOLW\ WLPH DQG DJDLQ $V PXFK DV , PLJKW PDNH IXQ RI
VRPH RI RXU GLVFXVVLRQV LW·V WUXO\ YDOXDEOH WR KDYH VRPHRQH DVNLQJ TXHVWLRQV DQG
FKDOOHQJLQJ DVVXPSWLRQV DQG DOVR VRPHRQH WR V\PSDWKLVH ZLWK DERXW GHDGOLQHV
/XNH WKDQNV IRU EHLQJ P\ PHQWDO SXQFKLQJ EDJ SURYLGHU RI LGHDV DQG UHDVVXU
DQFHV WKDW , NQRZ DOO RI WKLV DOUHDG\ IRU OLVWHQLQJ DQG EHLQJ KDSS\ WR KXPRXU PH
XS WR WKH SRLQW ZKHUH WKLQJV QR ORQJHU ZRUN $V PXFK DV LW SDLQV PH DW WLPHV
\RXU FRQILGHQFH LQ \RXU VNLOOV DQG WKH DELOLW\ WR EDFN XS WKDW WDON LV VRPHWKLQJ WR
EH DGPLUHG $QGUHZ WKDQN \RX IRU IDFLOLWDWLQJ WKH GXDOEDGJHG SURJUDP DQG IRU
PDNLQJ PH IHHO ZHOFRPH DW ,7& 'HVSLWH WKHLU LQIUHTXHQF\ , UHDOO\ HQMR\HG RXU
PHHWLQJV DQG \RXU LQVLJKW LQWR PDNLQJ IRUHLJQ VLWXDWLRQV DQG RSSRUWXQLWLHV ZRUN
IRU \RX , ZRXOG DOVR OLNH WR WKDQN /XFDV +ROGHQ IRU GUDJJLQJ PH LQ IRU WKH LQLWLDO
FKDW WKDW VHW PH RQ WKLV SDWK DQG DOVR IRU KLV RQJRLQJ VXSSRUW , ZRXOG DOVR OLNH
WR WKDQN 3HWHU +XGVRQ DW *HRVFLHQFH $XVWUDOLD IRU DVVLVWDQFH ZLWK WKH 6HQWLQHO
ILUH SURMHFW GDWD %HWK (EHUW DQG /HRQ 0DMHZVNL IURP WKH $XVWUDOLDQ %XUHDX RI 0H
WHRURORJ\ IRU DVVLVWDQFH ZLWK +LPDZDUL GDWD DQG /\QGVH\ :ULJKW 0LFKDHO 5XP
VHZLF] DQG WKH UHVW RI WKH VWDII DW WKH %XVKILUH DQG 1DWXUDO +D]DUGV &RRSHUDWLYH
5HVHDUFK &HQWUH %1+&5& , ZRXOG DOVR OLNH WR WKDQN (VWKHU +RQGHEULQN IRU WKH
WUDQVODWLRQ RI WKH 6XPPDU\ FKDSWHU RI WKLV WKHVLV LQWR 'XWFK
, ZRXOG OLNH WR WKDQN WKH %1+&5& WKH 16: 5XUDO )LUH 6HUYLFH WKH 9LFWRULDQ 'H
SDUWPHQW RI (QYLURQPHQW /DQG :DWHU DQG 3ODQQLQJ DQG RWKHU SDUWQHUV IRU SUR
YLGLQJ WKH IXQGLQJ WKDW PDGH WKH )LUH 6XUYHLOODQFH DQG +D]DUG 0DSSLQJ SURMHFW
SRVVLEOH WKH 50,7 6FKRRO RI *UDGXDWH 5HVHDUFK IRU DZDUGLQJ PH DQ $XVWUDOLDQ
L
3RVWJUDGXDWH $ZDUG DQG WKH %1+&5& IRU DZDUGLQJ PH D WRSXS VFKRODUVKLS ,
ZRXOG DOVR OLNH WR DFNQRZOHGJH WKH VXSSRUW RI WKH -DSDQHVH $HURVSDFH ([SORUDWLRQ
$JHQF\ WKH $XVWUDOLDQ %XUHDX RI 0HWHRURORJ\ DQG WKH 1DWLRQDO &RPSXWLQJ ,Q
IUDVWUXFWXUH IRU SURYLGLQJ DFFHVV WR +LPDZDUL GDWD DQG 1$6$ DQG WKH 12$$ IRU
SURYLGLQJ DFFHVV WR RWKHU UHPRWH VHQVLQJ GDWD XVHG LQ WKLV SURMHFW
, ZRXOG DOVR OLNH WR WKDQN P\ IHOORZ 3K' VWXGHQWV SRVW GRFV DQG RWKHU UH
VHDUFK VWDII )URP 50,7 , ZRXOG OLNH WR WKDQN &KULV %HOOPDQ 0DULHOD 6RWR%HUHORY
/ROD 6XDUH] 6DP +LOOPDQ 'DLV\ 6DQ 0DUWLQ 6DOGLDV &KDWKXUD :LFNUDPDVLQJKH
3KLO :LONHV 0DUJL 0F)DG\HQ DQG 6DP +LVORS )URP WKH ,7& 'HSDUWPHQW RI 1DWX
UDO 5HVRXUFHV , ZRXOG OLNH WR WKDQN $QDKLWD .KRVUDYLSRXU -LQJ /LX ;L =KX (OQD]
1HLQDYD] =KLKXL :DQJ 7ULQL 'HO 5LR 0DULD %XLWUDJR$FHYHGR <LIDQJ 6KL DQG )HV
WXV ,KZDJL DQG HYHU\RQH HOVH ZKR PDGH PH IHHO ZHOFRPH DW ,7& DQG , ZRXOG DOVR
OLNH WR WKDQN /LQGD YDQ GHU +RXW $OH[DQGHU 'LMNVKRRUQ 1LFR +HQGULFN[ <DQQLFN
'RQQHUV 5RHORIMDQ 9HOWKX\V <DQQD .UDDNPDQ +HQN 0HLMHU 1LHQNH 1RRUHQ DQG
0HLNH 1DXWD IRU ZHOFRPLQJ PH WR WKH %RYHQPDDW DQG SXWWLQJ XS ZLWK PH GXULQJ
P\ ILYH PRQWK VWD\ LQ WKHLU KRXVH
, ZRXOG DOVR OLNH WR WKDQN P\ ZLGHU QHWZRUN RI IULHQGV IRU WKHLU DVVLVWDQFH
DQG VXSSRUW GXULQJ WKH ODVW IRXU \HDUV  WKH\ KDYH EHHQ WXPXOWXRXV WLPHV LQGHHG
7KDQN \RX WR P\ IRUPHU KRXVHPDWHV $GDP0DWWLQVRQ 1LFN\ +DUULV $OLVWDLU +XQW
-DPHV $KHUQ 0RUJDQ 7LSSHU DQG .\OLH %XWOHU  \RXU VXSSRUW WKURXJKRXW WKH &UXP
SHW $JH ZLOO EH D FKHULVHG WLPH RI P\ OLIH DQG ZKLOVW WKH\ PD\ UHEXLOG WKH KRXVH
RXU PHPRULHV IURP WKH 5LW] VKDOO KRSHIXOO\ QHYHU QHHG VXFK UHSDLU , QHHG WR
DOVR WKDQN 5RE )XOOHU DQG -RHO *UDKDP IRU WKHLU SRVWILUH DVVLVWDQFH DQG 7LQHNH
)LW]JHUDOG DQG 6WHSKHQ ,PSH\ IRU WKHLU RQJRLQJ VXSSRUW LQ WKH UHFRYHU\
/DVWO\ , ZRXOG OLNH WR WKDQN P\ SDUHQWV -DQ DQG 5RGQH\ +DOO\ :KLOVW \RXU
XQZDYHULQJ WUXVW LQ PH WR PDNH WKH ULJKW GHFLVLRQV LQ OLIH FDQ PDNH JHWWLQJ DG
YLFH KDUG ,·YH QHYHU VWUXJJOHG WR ILQG D ZHOFRPLQJ HDU DQG IXOO VXSSRUW RQ WKH
RFFDVLRQV , GR DVN IRU LW 'DG HYHQ WKRXJK \RX PLVVHG RXW RQ VHHLQJ PH ILQLVK
,·P VXUH \RX·G EH SURXG RI ZKR , DP WRGD\ HYHQ WKRXJK \RX ZHUH QHYHU DQ\ JRRG
DW VKRZLQJ LW 0XP WKDQNV IRU HYHU\WKLQJ \RX GR \RX·UH D WUXH FKDPSLRQ DQG D
VXSHU VWURQJ SHUVRQ DQG GHVSLWH WKH DQQR\DQFHV DW WLPHV \RX FRQWLQXH WR EH LQ
P\ FRUQHU IRU DQ\WKLQJ , WDNH RQ LQ OLIH
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E DOVR FRUUHVSRQGV WR
WKH DUHDV VHOHFWHG IRU WKH FORXG DQDO\VLV SUHVHQWHG LQ 7DEOH       
 &DVH VWXG\ DUHDV VHOHFWHG IRU H[DPLQDWLRQ                   
 D 0HDQ EULJKWQHVV WHPSHUDWXUH GLIIHUHQFH EHWZHHQ FRQWH[WXDO HVWLPDWHV
DQG WKH FHQWUDO SL[HO IRU WKH ULQJ RI SL[HOV DW WKH HGJH RI HDFK ZLQGRZ
DFURVV WKH IXOO GLVN IRU  87& % $+, LPDJHV E 6WDQGDUG GH
YLDWLRQ RI FRQWH[WXDO HVWLPDWHV GHULYHG IURP HDFK ZLQGRZ HGJH E\ SHU
FHQWDJH RI DYDLODEOH SL[HOV LQ WKH ZLQGRZ HGJH                 
 %UHDNGRZQ RI WHPSHUDWXUH HVWLPDWLRQ SDVV UDWH RQ SL[HOV WKDW KDYH QR
VROXWLRQ LQ WKHLU ×  ZLQGRZ 7KH SHUFHQWDJH RI SL[HOV FRYHUHG E\ HDFK
EDU WKLV ILJXUH DV D SRUWLRQ RI DOO SL[HOV H[DPLQHG LV VKRZQ DW WKH WRS
RI WKH ILJXUH (DFK EDU LQ WKH ILJXUH UHSUHVHQWV D PLQLPXP SHUFHQWDJH
OHYHO RI YDOLG FRQWH[WXDO SL[HOV IRU WHPSHUDWXUH FDOFXODWLRQ DQG HDFK
FRORXUHG VHFWLRQ UHSUHVHQWV WKH SRUWLRQ RI SL[HOV WKDW DUH VXFFHVVIXO LQ
GHULYLQJ DQ HVWLPDWH DW HDFK ZLQGRZ VL]H 7KH EDODQFH RI H[KDXVWHG
SL[HOV ZLWK QR VROXWLRQ DW HDFK DVVHVVHG SHUFHQWDJH LV DOVR VKRZQ    
 0HDQ GLIIHUHQFH EHWZHHQ FRQWH[WXDO HVWLPDWHV DQG WKH FHQWUDO SL[HO IRU
WKH VHOHFWHG SHULRG IRU HDFK DUHD D VRXWKHDVWHUQ $XVWUDOLD VHD E
QRUWKZHVWHUQ $XVWUDOLD QZD F %RUQHR ERU DQG G FHQWUDO 7KDLODQG
WKO                                            
Y
/LVW RI )LJXUHV
 0HDQ GLIIHUHQFH EHWZHHQ FRQWH[WXDO HVWLPDWHV DQG WKH FHQWUDO SL[HO IRU
WKH VHOHFWHG SHULRG IRU HDFK DUHD D HDVWHUQ &KLQD FKQ E FHQWUDO
+RQVKX MSQ DQG F 6LEHULD VLE                         
 &KDQJHV LQ VSDWLDO DQG VWDWLVWLFDO GLVWULEXWLRQ RI WHPSHUDWXUH HVWLPDWHV
IRU WKH VRXWKHDVWHUQ $XVWUDOLD VHD VWXG\ DUHD E\ ZLQGRZ VL]H :LQGRZ
OHYHOV VKRZQ DUH D  ×  ZLQGRZ E  ×  ZLQGRZ F  ×  ZLQGRZ
DQG G  ×  ZLQGRZ                               
 &KDQJHV LQ VSDWLDO DQG VWDWLVWLFDO GLVWULEXWLRQ RI WHPSHUDWXUH HVWLPDWHV
IRU WKH QRUWKZHVWHUQ $XVWUDOLD QZD VWXG\ DUHD E\ ZLQGRZ VL]H :LQ
GRZ OHYHOV VKRZQ DUH D  ×  ZLQGRZ E  ×  ZLQGRZ F  × 
ZLQGRZ DQG G  ×  ZLQGRZ                         
 7LPH VHULHV GLDJUDP IRU D VZDWK RI ODWLWXGH ◦6²◦6 IURP ◦(²◦(
ORQJLWXGH RQ  GD\   1RYHPEHU  (DFK VTXDUH UHSUHVHQWV
WKH PHGLDQ WHPSHUDWXUH RI WKH ◦ EORFN DW WKH LPDJH WLPH RQ WKH \
D[LV 7KHVH EORFNV UHSUHVHQW RQH PLQXWH RI WUDLQLQJ GDWD WKDW FDQ EH
IHG LQWR WKH EULJKWQHVV WHPSHUDWXUH DJJUHJDWLRQ SURFHVV          
 )LJXUH  YLVXDOLVHG UHODWLYH WR ORFDO VRODU WLPH (DFK RI WKH VZDWKV RI
EORFN YDOXHV H[WUDFWHG IURP HDFK LPDJH DUH VKRZQ DV D JUH\ OLQH 7KH
IRXU FRORXUHG OLQHV GHSLFW WKH WUDMHFWRU\ RI LQGLYLGXDO EORFN WHPSHUD
WXUHV DW ◦( ◦( ◦( DQG ◦( DV WKH GD\ SDVVHV          
 $Q H[DPSOH RI WKH WUDLQLQJ GDWD ILWWLQJ SURFHVV RQ D VZDWK IRU D K
SHULRG *UH\ OLQHV UHSUHVHQW WKH UDZ PHGLDQ YDOXHV IRU HDFK VZDWK IURP
WKH WLPH RI HDFK LPDJH WKH EOXH GDWD SRLQWV DUH UHSUHVHQWDWLYH RI WKH
PHGLDQ EULJKWQHVV WHPSHUDWXUH RI WKH WUDLQLQJ GDWD DW HDFK ORFDO VRODU
WLPH DQG WKH UHG WUHQG OLQH UHSUHVHQWV WKH ILOWHUHG PHGLDQV RI WKH WUDLQ
LQJ GDWD 'XH WR WKH QDWXUH RI WKH ILOWHULQJ SURFHVV WKH ODFN RI GDWD DW
HDFK HQG RI WKH GDWD UHVXOWV LQ DQRPDORXV ILWWLQJ DQG DV VXFK WKH VZDWK
VDPSOLQJ KDV EHHQ H[WHQGHG RQH KRXU HLWKHU VLGH RI WKH K SHULRG WR
PLQLPLVH WKHVH HUURUV                                
 ([DPSOHV RI PRGHO ILWWLQJ XVLQJ WKH IRXU WUDLQLQJ GDWD GHULYDWLRQV )LJ
XUH D VKRZV D W\SLFDO GD\ ZLWK OHVV WKDQ WHQ FORXG LQVWDQFHV E VKRZV
D GD\ ZLWK EHWZHHQ ² LQVWDQFHV RI FORXG DQG F LV W\SLFDO RI D GD\
ZLWK PRUH WKDQ  LGHQWLILHG FORXG SHULRGV                   
YL
/LVW RI )LJXUHV
 $YDLODELOLW\ RI WUDLQLQJ GDWD IURP WKH EORFN DQG SL[HO EDVHG PHWKRGV
DE VKRZ WKH PHDQ LQVWDQFHV RI WUDLQLQJ GDWD DYDLODEOH XVLQJ WKH %$7
PHWKRG IRU 2FWREHU DQG 1RYHPEHU UHVSHFWLYHO\ FG VKRZ WKH WUDLQLQJ
GDWD DYDLODEOH XVLQJ WKH SL[HO PHWKRG IRU WKH VDPH PRQWKVHI GHPRQ
VWUDWH WKH QXPEHU RI K SHULRGV WKDW FRXOG EH XWLOLVHG DV WUDLQLQJ GDWD
IRU HDFK EORFN LQ 2FWREHU DQG 1RYHPEHU DQG JK VKRZ WKLV VDPH FUL
WHULD XVLQJ WKH SL[HO EDVHG PHWKRG                        
 'LDJUDP VKRZLQJ WKH ORFDWLRQ RI WKH VHOHFWHG VWXG\ DUHD LQ QRUWK :HVW
HUQ $XVWUDOLD DORQJ ZLWK WKH DUHDV DIIHFWHG E\ ILUH EHWZHHQ VW  WK
RI $XJXVW  DV GHWHUPLQHG E\ WKH 02',6 EXUQHG DUHD SURGXFW >@  
 $Q H[DPSOH LOOXVWUDWLQJ WKH VKLIWHG WHPSRUDO ZLQGRZ GHVFULEHG LQ 6HF
WLRQ  LQ RSHUDWLRQ ,Q WKLV LQVWDQFH D VLJQLILFDQW SRUWLRQ RI WKH
RULJLQDO ILWWLQJ ZLQGRZ ZKLFK LV WKH WLPH SHULRG WR WKH ULJKW RI WKH JUH\
YHUWLFDO OLQH LV DIIHFWHG E\ DFWLYH ILUH LQ WKH SL[HO DQG WKLV UHVXOWV LQ
D KLJKHU ILWWHG EDFNJURXQG WHPSHUDWXUH WKDQ H[SHFWHG GXULQJ WKH SH
ULRG EHWZHHQ   DQG   DV VKRZQ E\ WKH OLQH
LQ GDUN JUHHQ %\ PRYLQJ WKH VWDUW RI WKH ILWWLQJ HDUOLHU EDVHG XSRQ
GHWHFWLRQ E\ WKH 9,,56 DFWLYH ILUH SURGXFW LQ WKLV FDVH WKH ILWWLQJ SUR
FHVV LV OHVV DIIHFWHG E\ WKH HOHYDWHG WHPSHUDWXUHV DVVRFLDWHG ZLWK WKH
RQJRLQJ ILUH 7KLV SURGXFHV D ILWWLQJ VXFK DV WKDW VKRZQ E\ WKH OLJKW
JUHHQ OLQH OHDGLQJ WR ILUHUHODWHG DQRPDOLHV EHLQJ LGHQWLILHG HDUOLHU GH
SHQGHQW XSRQ WKH WKUHVKROG VHW                          
 $VVRFLDWHG ILWWLQJV DSSOLHG WR D SL[HO DW 6 ( ZLWK D
02',6 EXUQHG DUHD SURGXFW GHWHFWLRQ DW   87& VKRZQ E\
WKH UHG YHUWLFDO OLQH 7KH DOJRULWKP GHWHFWLRQ WKUHVKROG VHW LV . 7KLV
ILJXUH VKRZV RQJRLQJ ILUH DFWLYLW\ LQ WKH $+, %DQG  EULJKWQHVV WHP
SHUDWXUHV VKRZQ KHUH LQ EOXH VXUURXQGLQJ D VLQJOH 9,,56 DFWLYH ILUH
GHWHFWLRQ DW   87& LQ RUDQJH :LWK WKH WHPSRUDO ZLQ
GRZ EDVHG XSRQ WKH WLPH RI WKH EXUQHG DUHD SURGXFW PLQXV  KRXUV
WKH ILUVW $+, GHWHFWLRQ DW WKH . WKUHVKROG RFFXUV  PLQXWHV DIWHU WKH
9,,56 DFWLYH ILUH GHWHFWLRQ LQLWLDO ZLQGRZ GHWHFWLRQV DUH EODFN FLUFOHV
+RZHYHU WKH VKLIWHG WHPSRUDO IUDPH EDVHG XSRQ WKH WLPH RI WKLV 9,,56
GHWHFWLRQ SURGXFHV D ORZHU ILW IRU EDFNJURXQG WHPSHUDWXUH GXULQJ WKLV
QLJKWWLPH SHULRG DQG WKH LQLWLDO ILUH GHWHFWLRQ IURP $+, PRYHV WR 
PLQXWHV EHIRUH WKH 9,,56 RYHUSDVV                        
YLL
/LVW RI )LJXUHV
 ([DPSOHV RI WHPSHUDWXUH ILWWLQJ DQG VRXUFHV RI SHUWXUEDWLRQ D VKRZV
DQ H[DPSOH RI DQRPDOLHV LQ SL[HO EULJKWQHVV WHPSHUDWXUH FDXVHG E\ ILUH
DFWLYLW\ E LV DQ H[DPSOH RI QHJDWLYH WHPSHUDWXUH DQRPDOLHV FDXVLQJ
IDOVH GHWHFWLRQV LQ WKLV FDVH FORXG FRYHU DQG F VKRZV DQ H[DPSOH RI
IDOVH GHWHFWLRQ FDXVHG E\ LPSURSHU ILWWLQJ RI WKH GLXUQDO PRGHO      
 /RFDWLRQV RI WKH FDVH VWXG\ DUHDV VHOHFWHG IRU DQDO\VLV LQ WKLV SDSHU
GHSLFWHG RQ WKH $+, IXOO GLVN                            
 )ORZFKDUW RI WKH 676 VHOHFWLRQ DQG HVWLPDWLRQ SURFHVV            
 3L[HO WUDLQLQJ FRPSDULVRQV IRU VHOHFWHG SL[HOV LQ WKH ERUBO JURXS /HIW
VKRZV WKH VSDWLDO GLVWULEXWLRQ RI SRLQWV VHOHFWHG GXULQJ WKH WUDLQLQJ
SURFHVV UHODWLYH WR WKH SL[HO UDGLXV VHOHFWLRQ DUHD DQG 5LJKW GHSLFWV
WKH SL[HO WUDMHFWRULHV RYHU WKH LPDJH VHW H[DPLQHG IRU WUDLQLQJ ZLWK
WKH SUHGLFWLRQ WDUJHW SL[HO YDOXH VKRZQ LQ UHG WKH 676 WUDLQLQJ SL[HO
YDOXHV VKRZQ LQ EOXH DQG WKH VXUURXQGLQJ FRQWH[W SL[HO YDOXHV LQ JUHHQ
6KRZQ DW WLPH t LV WKH GLVWULEXWLRQ RI YDOXHV LQ WKH SUHGLFWLRQ LPDJH
IURP ERWK SUHGLFWLRQ PHWKRGV ZLWK WKHLU UHVSHFWLYH PHDQV VKRZQ DV
FRORXUHG FURVVHV LQ FRPSDULVRQ WR WKH UHFRUGHG EULJKWQHVV WHPSHUDWXUH
VKRZQ DV D UHG GRW 3L[HOV DUH VKRZQ DV ODEHOOHG ZLWK SUHGLFWLRQ WLPH t
DW   87&                                
 $ VHULHV RI EULJKWQHVV WHPSHUDWXUH LPDJHV DQG UHODWHG HVWLPDWLRQV IRU
WKH WKOBM UHJLRQ )URP OHIW WR ULJKW WKH $+, % EULJKWQHVV WHPSHUDWXUH
DW WKH SUHGLFWLRQ WLPH WKH 676 SUHGLFWLRQ LPDJH RI WKH DUHD WKH FRQWH[
WXDO HVWLPDWLRQ RI WKH DUHD DQG WKH GLIIHUHQFHV EHWZHHQ WKH $+, LPDJH
DQG 676 HVWLPDWHV DQG WKH $+, LPDJH DQG FRQWH[W DUH VKRZQ 7KH GLI
IHUHQFHV VKRZQ KLJKOLJKW SRVLWLRQV ZKHUH WKH UHFRUGHG LPDJH YDOXH LV
KLJKHU WKDQ WKH HVWLPDWLRQ UHG DQG YLFH YHUVD EOXH 3UHGLFWLRQ WLPHV
DUH VKRZQ QH[W WR HDFK ILJXUH                           
 ([DPSOHV RI FRPPRQ HUURU LQ FRQWH[WXDO EULJKWQHVV WHPSHUDWXUH HVWL
PDWLRQ DQG WKH UHVXOWV XVLQJ 676 LQ VLPLODU FRQGLWLRQV            
YLLL
/LVW RI 7DEOHV
 6SHFLILFDWLRQV IRU WKH WLPHIUDPHV DUHD RI WKH $+, GLVN DQG 87& WLPHV
IRU DQDO\VLV RI HDFK RI WKH FDVH VWXG\ DUHDV                   
 $YHUDJH DQG VWDQGDUG GHYLDWLRQ RI FORXG FRYHUDJH IRU WKH $+, ODQG DU
HDV FRYHUHG LQ WKH VWXG\ 7KH ILJXUHV DUH DQ DJJUHJDWH RI  LPDJHV
UHFRUGHG DW  87& DV PHQWLRQHG LQ 6HFWLRQ  EURNHQ LQWR KRUL
]RQWDO VOLFHV RI WKH $+, GLVN DV VKRZQ LQ )LJ                 
 1XPEHU DQG SHUFHQWDJH RI SL[HOV WKDW DUH ODFNLQJ VXIILFLHQW DGMDFHQW
SL[HOV WR SURYLGH FRQWH[WXDO HVWLPDWLRQ DW YDULRXV ZLQGRZ VL]HV DQG
SHUFHQWDJHV DFURVV WKH $+, GLVN $ WRWDO RI  $+, ODQG SL[HOV
ZHUH HYDOXDWHG                                     
 0HDQ DQG VWDQGDUG GHYLDWLRQ RI WKH FRQWH[WXDO HVWLPDWH GLIIHUHQFHV
IURP FHQWUDO EULJKWQHVV WHPSHUDWXUH $+, %DQG  IRU DOO DYDLODEOH SL[HOV
LQ WKH  GD\ VHW RI IXOO GLVN LPDJHV DW  87& $ WRWDO RI 
SL[HOV ZHUH H[DPLQHG RYHU WKH  LPDJHV XVHG LQ WKH VWXG\         
 0HDQ DQG VWDQGDUG GHYLDWLRQ RI EULJKWQHVV WHPSHUDWXUH GLIIHUHQFHV EH
WZHHQ WKH FHQWUDO SL[HOV DQG WKH FRQWH[WXDO VXUURXQGV DW HDFK ZLQGRZ
OHYHO SHU SHUFHQWDJH OHYHO 1XPEHUV VKRZQ LQ WKH  ×  ZLQGRZ URZ
UHSRUW VWDWLVWLFV IRU SL[HOV WKDW ZRXOG EH DGGHG WR WKH  SL[HOV LI
WKH YDOLG FRQWH[W SHUFHQWDJH VKRZQ ZDV XVHG WR DFFHSW FRQWH[WXDO HVWL
PDWHV 7KH SHUFHQWDJH RI WRWDO SL[HOV ZLWK HVWLPDWHV DYDLODEOH DW WKH 
×  ZLQGRZ IRU HDFK YDOLG FRQWH[W SHUFHQWDJH LV DOVR VKRZQ 7KH URZV
IRU HDFK VXEVHTXHQW ZLQGRZ VL]H GHVFULEH WKH QXPEHU RI WHPSHUDWXUH
HVWLPDWLRQV WKDW ZRXOG EH DGGHG IURP IDLOXUHV DW WKH SUHYLRXV ZLQGRZ
VL]H E\ H[SDQGLQJ WKH H[DPLQHG ZLQGRZ DQG WKH VXEVHTXHQW PHDQV
DQG YDULDQFHV RI SL[HOV LQFOXGHG IURP WKHVH ZLQGRZ VL]HV $ WRWDO RI
 SL[HOV ZHUH H[DPLQHG RYHU WKH  LPDJHV XVHG LQ WKH VWXG\ 
L[
/LVW RI 7DEOHV
 0HDQ DQG VWDQGDUG GHYLDWLRQ RI EULJKWQHVV WHPSHUDWXUH GLIIHUHQFHV EH
WZHHQ WKH FHQWUDO SL[HOV DQG WKH FRQWH[WXDO VXUURXQGV DW HDFK ZLQGRZ
OHYHO SHU SHUFHQWDJH OHYHO RU ZKHUH QXPEHU RI FRQWH[W SL[HOV UHDFKHV
 7KH  ×  ZLQGRZ VWDWLVWLFV VKRZ WKH JOREDO UDWHV IRU SL[HOV ZKLFK
KDYH HTXDO RU JUHDWHU FRQWH[WXDO SL[HOV WKDQ WKH PLQLPXP IRU HVWLPD
WLRQ 7KH URZV IRU HDFK ZLQGRZ VL]H GHVFULEH WKH QXPEHU RI FDOFXODWHG
YDOXHV WKDW ZRXOG EH DGGHG E\ H[SDQGLQJ WR HDFK ZLQGRZ VL]H DQG WKH
VXEVHTXHQW PHDQV DQG YDULDQFHV RI SL[HOV LQFOXGHG IURP WKHVH ZLQGRZ
VL]HV                                           
 0HDQ DQG VWDQGDUG GHYLDWLRQ RI PHDQ EULJKWQHVV WHPSHUDWXUH GLIIHU
HQFHV RI HDFK FDVH VWXG\ DUHD IRU HDFK  GD\ SHULRG 3L[HO YDOXHV ZHUH
DYHUDJHG RYHU WKH  GD\ SHULRG IRU HDFK VLWH DQG JOREDO PHDQV DQG
VWDQGDUG GHYLDWLRQV RI WKHVH DYHUDJHV DUH UHSRUWHG              
 0HDQ DQG VWDQGDUG GHYLDWLRQ RI EULJKWQHVV WHPSHUDWXUH GLIIHUHQFHV EH
WZHHQ WKH FHQWUDO SL[HOV DQG WKH FRQWH[WXDO VXUURXQGV DW WKH VSHFLILHG
SHUFHQWDJH OHYHOV IRU WKH  ×  ZLQGRZ LQ HDFK FDVH VWXG\ DUHD (DFK
FROXPQ UHSRUWV WKH VWDWLVWLFV RI DFFHSWLQJ WKH DYDLODEOH SL[HOV DERYH WKH
GHQRWHG SHUFHQWDJH OHYHO 3L[HOV ZLWK IXOO FRQWH[WXDO FRYHUDJH DUH UH
SRUWHG LQ WKH  FROXPQ                              
 &RPSDULVRQ RI 076$7 DQG $+, VHQVRUV IRU ILUH GHWHFWLRQ XVLQJ D
0:,5 ∼ 4µP FKDQQHO                                
 &RPSDULVRQ RI ILWWLQJ WHFKQLTXHV WR EULJKWQHVV WHPSHUDWXUHV UHFRUGHG
E\ WKH $+, VHQVRU XVLQJ URRW PHDQ VTXDUH HUURU DIWHU HOLPLQDWLQJ LQFL
GHQFHV RI &OHDU 6N\ 3UREDELOLW\ &63 RI OHVV WKDQ RQH IURP WKH HYDOXDWLRQ 
 &RPSDULVRQ RI WLPH WDNHQ WR SURYLGH D WHPSHUDWXUH ILWWLQJ XVLQJ WKH
SL[HOEDVHG WUDLQLQJ WHFKQLTXH DQG WKH %$7 ILWWLQJ SURFHVV         
 5DZ DQRPDO\ UDWHV IRU WKH WKUHVKROG DOJRULWKP IRU WKH VHOHFWHG WHP
SHUDWXUH WKUHVKROGV DQG WKH SURSRUWLRQ RI WKHVH DQRPDOLHV ZKLFK KDYH
DQ DVVRFLDWHG GLVWXUEDQFH GHWHFWHG E\ WKH 02',6 EXUQHG DUHD SURGXFW
IURP D WRWDO VHOHFWLRQ RI  FORXGIUHH GLXUQDO ILWWLQJV         
 'HWHFWLRQ UHVXOWV RI WKH WKUHVKROGLQJ DOJRULWKP RQ  ILUH LQFLGHQWV LQ
HDFK GHWHFWLRQ JURXSLQJ SHU WHPSHUDWXUH WKUHVKROG 'HWHFWLRQV RFFXU
ZKHUH DW OHDVW RQH EULJKWQHVV WHPSHUDWXUH PHDVXUHPHQW H[FHHGV WKH
ILWWHG EULJKWQHVV WHPSHUDWXUH E\ WKH VHOHFWHG WKUHVKROG 6\QFKURQRXV
ILUH GHWHFWLRQV DUH FODVVLILHG DV ZKHUH DQ DQRPDO\ GHWHFWHG E\ RQH RU
ERWK RI WKH DFWLYH ILUH SURGXFWV KDV DW OHDVW RQH FRUUHVSRQGLQJ GHWHFWLRQ
IURP WKH WKUHVKROG DOJRULWKP ZLWKLQ WZHQW\ PLQXWHV RI WKH /(2 GHWHFWLRQ 
[
/LVW RI 7DEOHV
 7LPH RI GHWHFWLRQ RI ILUHV XVLQJ WKH WKUHVKROG DOJRULWKP LQ FRPSDULVRQ
WR WLPHV RI ILUVW GHWHFWLRQ XVLQJ WKH WZR /(2 DFWLYH ILUH SURGXFWV DW HDFK
WHPSHUDWXUH WKUHVKROG 7LPHV VKRZQ DUH WKH DYHUDJH WLPH RI GHWHFWLRQ
SULRU WR /(2 DFWLYH ILUH GHWHFWLRQ ZLWK QXPEHUV VKRZQ IRU ERWK WKH GLXU
QDO WHPSRUDO ZLQGRZ FRPPHQFLQJ K SULRU WR EXUQHG DUHD GHWHFWLRQ
DQG IRU WKH VKLIWHG WHPSRUDO ZLQGRZ FRPPHQFLQJ K EHIRUH LQLWLDO
DFWLYH ILUH GHWHFWLRQ 7LPHV VKRZQ DUH LQ KRXUV DQG PLQXWHV        
 6SHFLILFDWLRQV IRU WKH WLPHIUDPHV DUHD RI WKH $+, GLVN DQG 87& WLPH
RIIVHWV IRU HDFK RI WKH FDVH VWXG\ DUHDV H[DPLQHG               
 $FFXUDF\ RI HVWLPDWLRQ WHFKQLTXHV DJDLQVW EULJKWQHVV WHPSHUDWXUH YDO
XHV IURP WKH DVVHVVHG LPDJHV E\ FDVH VWXG\ DUHD ∆σ LV WKH SHUFHQWDJH
FKDQJH EHWZHHQ WKH VWDQGDUG GHYLDWLRQV RI WKH FRQWH[W DQG 676 HVWLPD
WLRQ PHWKRGV                                      
 %UHDNGRZQ RI WKH DYDLODELOLW\ RI WHPSHUDWXUH YDOXHV XVLQJ WKH WZR HVWL
PDWLRQ PHWKRGV DJDLQVW WRWDO LPDJH SL[HOV SUHVHQW n %7 2EV JLYHV WKH
QXPEHU RI FORXG IUHH LPDJH SL[HOV RXW RI WKH WRWDO SRVVLEOH VKRZQ LQ
7RWDO 3L[HO 2EV                                     
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,QWURGXFWLRQ

 ,QWURGXFWLRQ
 *HQHUDO ,QWURGXFWLRQ
)LUH LV RQH RI WKH PRVW LPSRUWDQW HFRORJLFDO GULYHUV RQ WKH SODQHW :KLOVW LWV
LQLWLDO LPSDFWV XSRQ WKH HQYLURQPHQW DUH VHHPLQJO\ GHVWUXFWLYH ILUH DOVR SOD\V
DQ LPSRUWDQW UROH LQ WKH IXQFWLRQLQJ DQG UHJHQHUDWLRQ RI HFRV\VWHPV DORQJ ZLWK
SURYLGLQJ D FDWDO\VW IRU FKDQJHV WR HFRV\VWHP VXFFHVVLRQDO SURFHVVHV $SSUR[L
PDWHO\ 0KD RI WKH HDUWK·V VXUIDFH LV DIIHFWHG E\ ILUH HYHU\ \HDU >@ ZLWK ILUH
DFWLYLW\ SUHGLFWHG WR LQFUHDVH GXH WR WKH HIIHFWV RI D FKDQJLQJ FOLPDWH >  @
)LUHV FDQ RFFXU LQ DOPRVW DOO RI WKH YDULHG ODQG FRYHU W\SHV WKURXJKRXW WKH ZRUOG
ZLWK WKH H[FHSWLRQ RI GHVHUW DQG DUFWLF DUHDV ZLWK WKH VSUHDG DQG LQWHQVLW\ RI ILUH
GULYHQ E\ IXHO YROXPH IXHO PRLVWXUH DQG ZHDWKHU FRQGLWLRQV :KLOVW OLJKWQLQJ LV
JHQHUDOO\ WKH FDXVH RI ILUHV LQ PRUH UHPRWH SDUWV RI WKH ODQGVFDSH WKH PDMRULW\ RI
ILUHV DUH VWDUWHG E\ KXPDQV ,Q WKH 8QLWHG 6WDWHV IRU LQVWDQFH LW LV HVWLPDWHG WKDW
 RI DOO ZLOGILUHV DUH VWDUWHG E\ KXPDQV ZLWK VWURQJ FRUUHODWLRQ EHWZHHQ ILUH
ORFDWLRQ DQG KXPDQ DFWLYLW\ > @ 7KH HFRQRPLF LPSDFW RI ZLOGILUH LV HVWLPDWHG
WR EH EHWZHHQ 86'  ELOOLRQ DQG 86'  ELOOLRQ DQQXDOO\ LQ WKH 8QLWHG 6WDWHV
DORQH >@ DQG LQ $XVWUDOLD WKH LPSDFW RI LQGLYLGXDO ILUH HYHQWV RQ UHVLGHQFHV
DJULFXOWXUH IRUHVWU\ DQG WKH HQYLURQPHQW FDQ UHDFK EH\RQG $8'  ELOOLRQ DORQH
>@ )LUH DOVR FRQWULEXWHV D VLJQLILFDQW DPRXQW WR JOREDO FDUERQ HPLVVLRQV LQWR
WKH DWPRVSKHUH ZLWK >@ HVWLPDWLQJ WRWDO ZLOGILUH HPLVVLRQV ZRUOGZLGH DW 3J
DQQXDOO\ ZKLFK HTXDWHV WR DOPRVW  RI RI WRWDO FDUERQ HPLVVLRQV >@
:LWK WKHVH LPSDFWV LQ PLQG ILQGLQJ PHWKRGV WR HIILFLHQWO\ PHDVXUH DQG PRQL
WRU ZLOGILUH LV RI YLWDO LPSRUWDQFH ,QIRUPDWLRQ DERXW ILUH LQ WKH HQYLURQPHQW FDQ
DVVLVW LQ PLWLJDWLRQ SODQQLQJ DQG DVVHW PDQDJHPHQW IRU ILUH DXWKRULWLHV DVVLVWV LQ
WKH PLQLPLVDWLRQ RI ILUH LPSDFWV RQ KXPDQ OLYHV DQG FRPPXQLWLHV DQG RI FRXUVH
FDQ KHOS WR DGGUHVV SUREOHPV VXFK DV FDUERQ DFFRXQWLQJ DQG HFRV\VWHP LPSDFWV
RI ILUH
(DUO\ GHWHFWLRQ RI SRWHQWLDO ZLOGILUHV LV DOVR YLWDO WR DVVLVW ZLWK WKH VWUDWHJLF
DQG HIIHFWLYH PDQDJHPHQW RI ZLOGILUH VLWXDWLRQV 2EWDLQLQJ WKLV LQIRUPDWLRQ LQ
DQ DFFXUDWH DQG WLPHO\ PDQQHU LQVLWX FDQ EH D GLIILFXOW WDVN +LVWRULFDOO\ ILUH
DXWKRULWLHV KDYH SODFHG HTXLSPHQW DQG PDQSRZHU LQ HOHYDWHG DUHDV IRU ILUH VSRW
WLQJ SXUSRVHV ZLWK ILUH UHSRUWLQJ WR WKLV GD\ UHPDLQLQJ UHOLDQW XSRQ H\HZLWQHVV
DFFRXQWV IURP SHRSOH FORVH WR WKH ILUH DFWLYLW\ ,Q SRSXORXV DUHDV WKLV W\SH RI
ILUH GHWHFWLRQ FDQ EH HIIHFWLYH DW JHQHUDWLQJ ORFDWLRQ LQIRUPDWLRQ DERXW D ILUH DQG
PD\ JHQHUDOO\ HVWLPDWH WKH WLPH RI LJQLWLRQ ZHOO EXW ODFNV WKH DELOLW\ WR JHQHUDWH
TXDQWLWDWLYH LQIRUPDWLRQ DERXW ILUH VL]H LQWHQVLW\ JURZWK UDWHV DQG JHQHUDO EH
KDYLRXU +RZHYHU ILUHV PD\ DOVR JR XQGHWHFWHG LQ UHPRWH XQGHUSRSXODWHG DUHDV
RU ZKHUH UHVRXUFHV GR QRW H[LVW WR FDSWXUH DOO ILUH DFWLYLW\ FRPSUHKHQVLYHO\
5HPRWH VHQVLQJ KDV EHFRPH D YLWDO VRXUFH RI LQIRUPDWLRQ DERXW ZLOGILUH DF
WLYLW\ ZKHUH WUDGLWLRQDO FRYHUDJH LV ODFNLQJ ,W DOVR KDV EHFRPH D YLWDO VRXUFH RI

 *HQHUDO ,QWURGXFWLRQ
LQIRUPDWLRQ ZLWK UHJDUG WR ILUH LQWHQVLW\ EXUQHG DUHD DQG IRU HVWLPDWHV RI FDUERQ
HPLVVLRQ 6DWHOOLWH UHPRWH VHQVLQJ RI ILUH LV SRVVLEOH GXH WR WKH UDGLDWLYH HPLVVLRQ
RI ZLOGILUH DQG WKH WUDQVPLWWDQFH RI LPSRUWDQW ZDYHOHQJWKV RI HOHFWURPDJQHWLF
UDGLDWLRQ WKURXJK WKH HDUWK·V DWPRVSKHUH 'HSHQGLQJ XSRQ WKH W\SH RI IXHO DQG
ZHDWKHU FRQGLWLRQV ZLOGILUH JHQHUDOO\ EXUQV DW EHWZHHQ ². ZKLFK SUR
YLGHV D SHDN LQ EODFNERG\ UDGLDWLYH RXWSXW DW DURXQG P LQ WKH HOHFWURPDJQHWLF
VSHFWUXP 7KLV SHDN LQ UDGLDWLYH HQHUJ\ LV VHYHUDO RUGHUV RI PDJQLWXGH DERYH WKH
UDGLDWLYH HPLVVLRQ RI ODQG DW D W\SLFDO EDFNJURXQG WHPSHUDWXUH RI . 7KLV
ZDYHOHQJWK LQ WKH HOHFWURPDJQHWLF VSHFWUXP KDSSHQV WR FRLQFLGH ZLWK D µZLQGRZµ
RU SHDN LQ WKH DWPRVSKHULF WUDQVPLWWDQFH RI WKH HDUWK·V DWPRVSKHUH ZKLFK PHDQV
WKDW UDGLDWLRQ HPLWWHG DW WKLV ZDYHOHQJWK WUDYHOV UHODWLYHO\ XQLPSHGHG WKURXJK WKH
DWPRVSKHUH LQWR VSDFH 7KHVH WZR IDFWRUV FRQWULEXWH WR WKH VLWXDWLRQ ZKHUH WKH
UDGLDWLRQ DW WKH SHDN ILUH ZDYHOHQJWK LV QRW RQO\ HDV\ WR GHWHFW EXW WKDW ILUH DFWLY
LW\ VWDQGV RXW LQ KLJK FRQWUDVW WR WKH EDFNJURXQG WHPSHUDWXUH 7KLV PHDQV WKDW
ILUHV GR QRW KDYH WR EH ODUJH UHODWLYH WR WKH JURXQG VDPSOLQJ VL]H RI WKH VHQVRU
LQ RUGHU WR EH GHWHFWDEOH DV DQRPDORXV HQHUJ\ VRXUFHV 7KLV OXFN\ EUHDN KDV OHG
WR WKH SUROLIHUDWLRQ RI PHWKRGV IRU ILUH GHWHFWLRQ IURP YDULRXV VDWHOOLWH UHPRWH
VHQVRUV
7KH SRVVLELOLW\ RI ILUH GHWHFWLRQ DQG PRQLWRULQJ ZDV ILUVW H[SORUHG E\ >@
ZKRVH ZRUN XVHG D ELVSHFWUDO PHWKRG WR DWWHPSW WR LGHQWLI\ KRW VXESL[HO WDUJHWV
ZLWKLQ D XQLIRUP EDFNJURXQG 7KLV ZDV WKH ILUVW ZRUN XWLOLVLQJ UHPRWH VHQVLQJ
WR DWWHPSW WR LGHQWLI\ FKDUDFWHULVWLFV RI DQRPDORXV WHPSHUDWXUHV LQFOXGLQJ WKH
SRUWLRQ RI SL[HO DIIHFWHG E\ WKH DQRPDORXV DFWLYLW\ DQG WKH WHPSHUDWXUH RI WKH
DQRPDO\ VRXUFH 7KLV PHWKRG ZDV XWLOLVHG IRU D QXPEHU RI GLIIHUHQW ILUH GHWHF
WLRQ DOJRULWKPV IRU D QXPEHU RI GLIIHUHQW VHQVRUV >   @ DQG LV VWLOO WKH
PDLQ GULYHU RI WKH :)$%%$ ILUH DOJRULWKP XVHG XSRQ *2(6 VDWHOOLWHV RYHU WKH
$PHULFDV >@ $ QXPEHU RI IODZV ZHUH LGHQWLILHG LQ WKH XVH RI WKLV ELVSHFWUDO UH
ODWLRQVKLS DQG WKHVH DUH KLJKOLJKWHG LQ >@ ZKLFK LQFOXGHG WKH VHQVLWLYLW\ RI WKH
PHWKRG WR HUURU ZKHQ GHDOLQJ ZLWK VPDOO ILUHV ,Q WKH PLGV D QHZ PHWKRG
RI DQRPDO\ GHWHFWLRQ ZDV SURSRVHG E\ >@ ZKLFK LQYROYHG XVH RI WKH FRQWH[
WXDO DUHD VXUURXQGLQJ WKH SRWHQWLDO DQRPDORXV SL[HO DV WKH VRXUFH RI WKH HVWLPDWH
RI WKH WHPSHUDWXUH RI WKH WDUJHW SL[HO 7KLV PHWKRG TXLFNO\ FDXJKW RQ DV WKH
SUHIHUUHG PHWKRG RI GHWHUPLQLQJ ILUH EDFNJURXQG WHPSHUDWXUH DQG EHFDPH WKH
EDVLV IRU D QXPEHU RI ILUH GHWHFWLRQ DOJRULWKPV >      @ DQG LV
WKH PDLQ GULYHU RI ILUH EDFNJURXQG WHPSHUDWXUH IRU WKH FRPPRQO\ XVHG 02',6
>@ DQG 9,,56 >@ DFWLYH ILUH GHWHFWLRQ SURGXFWV
7KH GHWHFWLRQ RI ILUH IURP VDWHOOLWH UHPRWH VHQVRU V\VWHPV LQYROYHV WUDGHRIIV
EHWZHHQ VSDWLDO UDGLRPHWULF DQG VSHFWUDO UHVROXWLRQV DQG YDU\LQJ DFFXUDF\  DOO
GHSHQGHQW XSRQ WKH W\SH RI VHQVRU LQ XVH IRU WKH WDVN (DUO\ UHPRWH VHQVLQJ VHQ
VRU V\VWHPV HJ $9+55 >@ ODFN WKH VSHFWUDO EDQGSDVV ZLGWKV IRXQG RQ PRUH

 ,QWURGXFWLRQ
PRGHUQ VHQVRUV HJ 9,,56 >@ DQG RIWHQ KDYH SRRU UDGLRPHWULF UHVROXWLRQ DQG
ORZ VDWXUDWLRQ WHPSHUDWXUHV 7KLV KDPSHUV WKHLU XVHIXOQHVV IRU DFFXUDWH GHVFULS
WLRQ RI ILUH DFWLYLW\ 7KH EXON RI HIIRUW IURP WKH VFLHQWLILF FRPPXQLW\ LQ WKLV ILHOG
LQ WKH V DQG V IRFXVHG XSRQ WKH VHQVRUV LQ /RZ (DUWK 2UELW /(2 VXFK
DV $9+55 02',6 9,,56 %,5' )LUHELUG DQG RWKHUV 6HQVRUV LQ WKHVH SRODU RUELWV
DUH VHW WR SDVV RYHU WKH REVHUYDWLRQ DUHDV DW VSHFLILF WLPHV RI WKH GD\ JHQHU
DOO\ ODWH PRUQLQJ RU HDUO\ DIWHUQRRQ WR PD[LPLVH WKH HIIHFWLYHQHVV RI WKH YLVLEOH
EDQGV IRU LPDJH FDSWXUH :LWK WKH ORZHU RUELWV RI /(2 VHQVRUV JHQHUDOO\ EHWZHHQ
²NP WKH VSDWLDO UHVROXWLRQ DYDLODEOH LV YHU\ KLJK HQDEOLQJ VPDOO DUHDV RI
ILUH DFWLYLW\ WR EH LGHQWLILHG LQ GHWDLO 'HVSLWH WKLV FRYHUDJH RI WKH WHPSRUDO DF
WLYLW\ RI ILUH LV OLPLWHG GXH WR WKHLU VXQV\QFKURQLFLW\ ZLWK W\SLFDOO\ EHWZHHQ  
 LPDJHV DYDLODEOH GDLO\ IURP D FRQVWHOODWLRQ RI /(2 VHQVRUV VXFK DV 02',6 ,Q
WKH PLG V DGYDQFHV LQ WKH VHQVRUV EHLQJ SODFHG LQ JHRVWDWLRQDU\ RUELWV OHG
WR LQFUHDVHG DFWLYLW\ LQ WKH GHWHFWLRQ RI ILUH IURP VHQVRUV DW WKLV RUELW :KLOVW
JHRVWDWLRQDU\ *(2 VDWHOOLWHV RUELW WKH HDUWK DW NP ZKLFK OHDGV WR GLPLQ
LVKHG VSDWLDO UHVROXWLRQ GXH WR WKH GLVWDQFH WR WKH HDUWK WKHVH *(2 VHQVRUV DUH
IL[HG LQ WKHLU YLHZSRLQW RI WKH HDUWK DQG SURYLGH FRQWLQXRXV FRYHUDJH GHSHQGHQW
XSRQ WKH WHPSRUDO UHVROXWLRQ RI WKH VHQVRU 7KLV IL[HG YLHZ SURYLGHV WKH DELOLW\
WR PRQLWRU FKDQJH RYHU WLPH DQG SURYLGHV WKH DELOLW\ WR DSSURDFK ILUH GHWHFWLRQ
XVLQJ D GLIIHUHQW IUDPHZRUN
:KLOVW PDQ\ HIIRUWV VXFK DV WKH :)$%%$ >@ *2(6 >@ DQG 06*6(9,5, UH
ODWHG ILUH GHWHFWLRQ DOJRULWKPV >@ IRFXVHG XSRQ H[WHQVLRQ RI WKH VLQJOH LPDJH
FRQWH[WXDO DOJRULWKPV LQWR WKH *(2 VHQVRU VSDFH LQQRYDWLYH ZD\V RI XVLQJ WKH
WHPSRUDO VWUHDP RI GDWD VXSSOLHG E\ *(2 VHQVRUV VWDUWHG WR DSSHDU LQ WKH PLG
V 7KH ZRUN RI >@ ILUVW H[DPLQHG WKH PRGHOOLQJ RI WKH GLXUQDO WHPSHUDWXUH
F\FOH IRU ODQG VXUIDFH WHPSHUDWXUH HVWLPDWLRQ E\ ZD\ RI D SUHVFULSWLYH PRGHO XV
LQJ GDWD IURP WKH 0(7(26$7 VHQVRU 8VH RI WKH GLXUQDO F\FOH IRU SRWHQWLDO ILUH
DQRPDO\ LVRODWLRQ ZDV SURSRVHG LQ >@ ZKLFK XVHG D .DOPDQ ILOWHU IRU WHPSHU
DWXUH PRGHOOLQJ SXUSRVHV $ QXPEHU RI GLIIHUHQW PXOWLWHPSRUDO WHFKQLTXHV IRU
GHWHUPLQLQJ ILUH DFWLYLW\ KDYH VSDZQHG IURP WKLV ZRUN >    @ DQG UH
VHDUFK FRQWLQXHV WR IRFXV XSRQ UHILQHPHQW RI EDFNJURXQG WHPSHUDWXUH PRGHOOLQJ
LQ WKH GLXUQDO WHPSRUDO VSDFH
7KLV GHFDGH KDV VHHQ RSSRUWXQLWLHV JURZ LQ WKH *(2 VSDFH IRU PRUH DFFX
UDWH ILUH GHWHFWLRQ ZLWK QHZ VHQVRUV SURYLGLQJ LPSURYHPHQWV LQ WKHLU WHPSRUDO
VSDWLDO DQG UDGLRPHWULF UHVROXWLRQV 7KH SUHYLRXV JHQHUDWLRQ RI *(2 VDWHOOLWHV
ODXQFKHG LQ WKH PLGODWH V ZKLFK LQFOXGHV 06*6(9,5, 076$7 DQG *2(6
 SURYLGHG EHWZHHQ ²PLQ WHPSRUDO FRYHUDJH RI WKHLU UHVSHFWLYH IXOO GLVN
DUHDV ZLWK D W\SLFDO VSDWLDO UHVROXWLRQ RI NP LQ WKH WKHUPDO EDQGV XVHG IRU ILUH
GHWHFWLRQ 7KHVH VHQVRUV ZLWK WKH H[FHSWLRQ RI 6(9,5, DUH QRZ PDNLQJ ZD\ IRU
D QHZ JHQHUDWLRQ RI *(2 VDWHOOLWHV ODXQFKHG LQ WKH PLGODWH V 7KH ODXQFK

 3UREOHP 6WDWHPHQW
RI $+, >@ LQ  E\ -$;$ RYHU WKH $VLD3DFLILF IROORZHG E\ WKH ODXQFKHV RI
*2(6 DQG  LQ  DQG  >@ KDV OHG WR VLJQLILFDQW LPSURYHPHQWV LQ
VHQVLQJ FDSDELOLW\ 7KHVH QHZ VHQVRUV DUH FDSDEOH RI FDSWXULQJ IXOO GLVN LPDJHV
ZLWK PLQ UHFDSWXUH WLPH DQG WKH VSDWLDO UHVROXWLRQ RI DOO LQIUDUHG EDQGV RQ
WKHVH VHQVRUV LV NP 7KHVH VHQVRUV DUH DOVR FDSDEOH RI VKRUW WHUP PHVRVFDOH
FDSWXUHV ZLWK DUHDV RI XS WR  × NP FDSDEOH RI EHLQJ FDSWXUHG DW RQH
PLQXWH LQWHUYDOV 7KLV JLYHV DQ XQSUHFHGHQWHG YLHZ LQWR VKRUWWHUP FKDQJHV RQ
WKH HDUWK·V VXUIDFH DW D VSDWLDO UHVROXWLRQ IDU PRUH VXLWHG WR WKH LVRODWLRQ RI ILUH
DFWLYLW\ 7KLV GULYH IURP QHZ VHQVRUV DQG GDWD VWUHDPV DOVR KHLJKWHQV WKH QHFHV
VLW\ IRU PRUH UHVHDUFK LQ WKLV DUHD WR PRVW HIIHFWLYHO\ XWLOLVH WKH QHZ LQIRUPDWLRQ
DERXW WKH HDUWK·V V\VWHPV FRPLQJ IURP WKHVH VRXUFHV
 3UREOHP 6WDWHPHQW
(DUO\ DQG UHOLDEOH DFWLYH ILUH GHWHFWLRQ LV RI JUHDW LPSRUWDQFH WR ODQG PDQDJHUV WR
DVVLVW LQ ULVN DVVHVVPHQW PLWLJDWLRQ VWUDWHJLHV DQG PLQLPLVDWLRQ RI KDUP WR ERWK
SHRSOH DQG DVVHWV >@ :LWK WKH WLPHOLQHVV RI ILUH GHWHFWLRQ LQ PLQG DQG ZLWK
VKRUWFRPLQJV LQ FXUUHQW /(2 ILUH GHWHFWLRQ SURGXFWV GXH WR WHPSRUDO FRYHUDJH
>@ D QHHG IRU VWUDWHJLHV DQG V\VWHPV WKDW DSSO\ SUHGRPLQDWHO\ WR JHRVWDWLRQ
DU\ VHQVRU LPDJHU\ KDV EHHQ LGHQWLILHG :KLOVW JHRVWDWLRQDU\ VHQVRUV HVSHFLDOO\
WKRVH IURP WKH FXUUHQW JHQHUDWLRQ RI QHZ VDWHOOLWHV $+, *2(65 H[KLELW KLJK
WHPSRUDO UHIUHVK UDWHV WKHLU VSDWLDO UHVROXWLRQ LV IDU PRUH FRDUVH WKDQ WKH VHQ
VRUV WKDW WKH FXUUHQW VWDQGDUG ILUH GHWHFWLRQ SURGXFWV DUH EDVHG XSRQ 7KH HIIHFW
RI V\VWHPDWLF HUURUV WKDW RFFXU LQ WKH XVH RI EULJKWQHVV WHPSHUDWXUH HVWLPDWLRQ
IURP VLWXDWLRQDO FRQWH[W LV DFNQRZOHGJHG EXW SRRUO\ XQGHUVWRRG DQG WKH HIIHFW
RI FRDUVHU VSDWLDO UHVROXWLRQ PD\ H[DFHUEDWH WKHVH HUURUV IXUWKHU
:KLOVW WKH FRPPRQ UHPRWHO\ VHQVHG ILUH SURGXFWV DUH JHQHUDOO\ EDVHG XSRQ
WHFKQLTXHV WKDW DUH DSSOLFDEOH WR GLVFUHWHO\ FDSWXUHG HYHQWV GXH WR EHLQJ EDVHG
RQ LQIRUPDWLRQ WDNHQ IURP VHQVRUV WKDW PRYH UHODWLYH WR WKH HDUWK·V VXUIDFH JHR
VWDWLRQDU\ LPDJHV DOORZ IRU WKH FRQWLQXRXV FDSWXUH RI LQIRUPDWLRQ IURP D IL[HG
ORFDWLRQ LQ RUELW RYHU WLPH /HYHUDJH RI WKH WHPSRUDO GRPDLQ IRU ILUH GHWHFWLRQ KDV
EHHQ VXFFHVVIXO IURP JHRVWDWLRQDU\ LPDJHV XVLQJ YDULRXV PHWKRGV >   @
EXW WKHVH KDYH IRFXVHG XSRQ GHULYLQJ HVWLPDWHV EDVHG XSRQ WKH GDWD IURP LQGL
YLGXDO SL[HOV VDFULILFLQJ WKH XVH RI UHOHYDQW VSDWLDOEDVHG FRUUHODWLRQV $Q RSSRU
WXQLW\ OLHV LQ WKH GHYHORSPHQW RI WHFKQLTXHV WKDW XWLOLVH ERWK VSDWLDO DQG WHPSR
UDO UHODWLRQVKLSV WR GULYH PRUH UREXVW DQG DFFXUDWH HVWLPDWLRQ WKDQ WKRVH GULYHQ
VROHO\ IURP HLWKHU RI WKHVH GRPDLQV
*LYHQ WKH SUREOHPV LQWULQVLF WR ILUH GHWHFWLRQ DQG PRUH EURDGO\ DQRPDO\ GH
WHFWLRQ WHFKQLTXHV IRU HVWLPDWLRQ PXVW EH UREXVW LQ WKH IDFH RI DQRPDOLHV LQ DQ\

 ,QWURGXFWLRQ
WUDLQLQJ SURFHVV DWWDFKHG WR WKHP &ORXGV VPRNH DQG ILUHV KDYH ODUJH UROHV WR
SOD\ LQ WKH QHFHVVLW\ IRU VHFRQGDU\ IDOVH DODUP SURFHVVHV LQ FXUUHQW ILUH GHWHFWLRQ
PHWKRGV 7KH IRFXV RI DQ\ HVWLPDWLRQ WHFKQLTXH GHYHORSHG VKRXOG EH LQ PLWL
JDWLQJ WKH LQIOXHQFH RI WKHVH IDFWRUV RQ WKH WUDLQLQJ PRGHOOLQJ DQG VXEVHTXHQW
HVWLPDWLRQ SURFHVV ZLWK D YLHZ WR PLQLPLVDWLRQ RI WKHVH VHFRQGDU\ WHVWV WKDW PD\
LQWURGXFH RU H[DFHUEDWH HUURU LQ UHVXOWDQW DQRPDO\ DWWULEXWLRQ
 5HVHDUFK 4XHVWLRQV
,Q RUGHU WR DGGUHVV WKH JDSV LGHQWLILHG LQ VHFWLRQ  IRXU UHVHDUFK TXHVWLRQV DUH
LGHQWLILHG DQG RXWOLQHG EHORZ
4XHVWLRQ  :KDW LV WKH HIIHFW RI V\VWHPDWLF DQG VWUXFWXUDO HUURUV FDXVHG E\
WKH XVH RI VSDWLDO FRQWH[WXDO HVWLPDWLRQ LQ FRPPRQ ILUH GHWHFWLRQ WHFKQLTXHV"
:KLOVW FRQWH[WXDO HVWLPDWLRQ LV DQ DFFHSWHG IRUP RI WHPSHUDWXUH HVWLPDWLRQ
IRU ILUH GHWHFWLRQ WKHUH KDYH EHHQ QR VWXGLHV SUHYLRXVO\ WKDW GHPRQVWUDWH WKH H[
SHFWHG HUURUV LQ VXFK HVWLPDWHV RU WKH VSHFLILF ODQGIRUPV DQG FRQGLWLRQV WKDW PD\
SURSDJDWH WKHVH HUURUV 7KLV TXHVWLRQ DLPV WR SURYLGH D FRPSUHKHQVLYH EUHDN
GRZQ RI WKH H[SHFWHG HUURU LQ VXFK HVWLPDWLRQV EDVHG XSRQ DSSOLFDWLRQ WR LPDJHU\
IURP WKH $+, JHRVWDWLRQDU\ VHQVRU DQG H[DPLQH WKH FDXVHV RYHU D QXPEHU RI
FDVH VWXG\ DUHDV
4XHVWLRQ  +RZ FDQ ZH XVH WKH FRPPRQ GLXUQDO YDULDWLRQ RI XSZHOOLQJ UDGL
DWLRQ WR HVWLPDWH EULJKWQHVV WHPSHUDWXUH LQ D UREXVW IDVKLRQ"
$UHDV DW VLPLODU ODWLWXGHV ZLOO UHFHLYH VLPLODU VRODU UDGLDWLRQ EXGJHWV ³ XVH RI
WKLV DVVXPSWLRQ FDQ DOORZ XV WR FUHDWH PRGHOV RI WKH H[SHFWHG WHPSHUDWXUH EDVHG
XSRQ WKH VWDQGDUGLVHG IRUP RI WKH GLXUQDO F\FOH IRU D VSHFLILF ODWLWXGH 7KLV TXHV
WLRQ DLPV WR GHULYH D PHWKRG RI WHPSHUDWXUH HVWLPDWLRQ WKDW WDNHV DGYDQWDJH RI
WKH KLJK WHPSRUDO IUHTXHQF\ RI WKH LPDJHU\ IURP $+, WR FUHDWH D WLPHFRUUHFWHG
LGHDOLVHG PRGHO RI GLXUQDO YDULDWLRQ LQ EULJKWQHVV WHPSHUDWXUH 7KLV ZLOO H[SORLW
QRQFORXG DIIHFWHG DUHDV DQG DSSO\ WKLV LQIRUPDWLRQ WR PRUH REVFXUHG UHJLRQV
7KLV WHFKQLTXH LV FDOOHG WKH %URDG $UHD 7UDLQLQJ PHWKRG RU %$7
4XHVWLRQ  +RZ HIIHFWLYH LV WKH QHZ %URDG $UHD 7UDLQLQJ PHWKRG DW LGHQWL
I\LQJ ILUHUHODWHG EULJKWQHVV WHPSHUDWXUH DQRPDOLHV LQ FRPSDULVRQ WR RWKHU ILUH
GHWHFWLRQ PHWKRGV"
7KLV TXHVWLRQ DGGUHVVHV WKH DELOLW\ RI WKH EULJKWQHVV WHPSHUDWXUH HVWLPDWLRQ
PHWKRG RXWOLQHG LQ WKH UHVSRQVH WR 4XHVWLRQ  WR LGHQWLI\ DQRPDORXV SL[HOV LQ D
QHDUUHDOWLPH IDVKLRQ 7KHPHWKRG LV WHVWHG RYHU D UDQJH RI DQRPDO\ WHPSHUDWXUH
WKUHVKROGV DQG FRPSDULVRQV DUH PDGH WR ILUH SURGXFWV GHULYHG IURP ORZ HDUWK
RUELW LPDJHU\ WR FRPSDUH WLPHOLQHVV DQG SRWHQWLDO IRU RPLVVLRQ HUURU

 7KHVLV 6WUXFWXUH
4XHVWLRQ  +RZ FDQ ZH XVH VLPLODULWLHV LQ LPDJH FKDUDFWHULVWLFV RYHU WLPH WR
LPSURYH WHPSHUDWXUH HVWLPDWLRQ RYHU D VLQJOHLPDJH FRQWH[WXDO DSSURDFK"
*LYHQ WKH ZHDNQHVV RI FRQWH[WXDO HVWLPDWLRQ UHVXOWV DV D IXQFWLRQ RI DYDLODEOH
DGMDFHQW ODQG SL[HOV DQ RSSRUWXQLW\ OLHV LQ OHYHUDJLQJ VLPLODULWLHV LQ LPDJH YDOXHV
RYHU ERWK WLPH DQG D ZLGHU DUHD WR SURYLGH DQ LPSURYHG VHW RI FDQGLGDWH SL[HOV IRU
WHPSHUDWXUH HVWLPDWLRQ 7KLV TXHVWLRQ RXWOLQHV D QHZ PHWKRG RI VSDWLRWHPSRUDO
VDPSOLQJ RI FDQGLGDWH WUDLQLQJ SL[HOV IRU XVH DV EULJKWQHVV WHPSHUDWXUH HVWLPD
WRUV LQ VXEVHTXHQW LPDJHU\ 7KH ZRUN LGHQWLILHV FULWHULD IRU WUDLQLQJ SL[HO VHOHF
WLRQ DQG FRPSDUHV HVWLPDWHV RI EULJKWQHVV WHPSHUDWXUH EDFN WR WKRVH GHULYHG
IURP FRQWH[WXDO HVWLPDWLRQ
 7KHVLV 6WUXFWXUH
3UHVHQWHG LQ WKLV WKHVLV DUH IRXU UHVHDUFK FKDSWHUV WKDW DGGUHVV WKH TXHVWLRQV
DVNHG LQ  &KDSWHU  WHVWV WKH FXUUHQWO\ DFFHSWHG PHWKRG RI EDFNJURXQG WHP
SHUDWXUH HVWLPDWLRQ RYHU LPDJHU\ IURP D JHRVWDWLRQDU\ VHQVRU WR GHWHUPLQH WKH
HUURUV DVVRFLDWHG ZLWK WKLV PHWKRG·V XVH DORQJ ZLWK LVRODWLRQ RI WKH SRWHQWLDO
FDXVHV RI VXFK HUURUV &KDSWHU  RI WKH WKHVLV LQWURGXFHV WKH %URDG $UHD 7UDLQLQJ
PHWKRG RI EULJKWQHVV WHPSHUDWXUH HVWLPDWLRQ ZKLFK SURYLGHV WHPSHUDWXUH ILW
WLQJ RI FDQGLGDWH SL[HOV EDVHG XSRQ WKH LGHDOLVHG GLXUQDO F\FOH RI SL[HOV DW VLPLODU
ODWLWXGHV &KDSWHU  H[DPLQHV DQ DSSOLFDWLRQ RI WKH PHWKRG RXWOLQHG LQ &KDSWHU
 IRU WKH SXUSRVH RI LVRODWLQJ SRWHQWLDO WHPSHUDWXUH DQRPDOLHV SOXV SURYLGHV D
FRPSDULVRQ WR FRPPRQO\ XVHG SRODU HDUWK RUELWLQJ VHQVRU EDVHG ILUH SURGXFWV
WR GHWHUPLQH UDWHV DQG WLPHV RI GHWHFWLRQ &KDSWHU  LQWURGXFHV WKH XVH RI WKH
VSDWLRWHPSRUDO VHOHFWLRQ PHWKRG IRU EDFNJURXQG WHPSHUDWXUH HVWLPDWLRQ DQG
SURYLGHV H[DPSOH LPDJHV DQG FRPSDULVRQV WR FRQWH[WXDO HVWLPDWHV IRU D QXPEHU
RI FDVH VWXG\ DUHDV )LQDOO\ WKH WKHVLV FRQFOXGHV ZLWK D V\QWKHVLV FKDSWHU ZKLFK
FROODWHV WKH UHVHDUFK SUHVHQWHG LQ WKH WKHVLV DQG GLVFXVVHV WKH SRWHQWLDO RI WKH
PHWKRGV SUHVHQWHG QRW RQO\ IRU ILUH GHWHFWLRQ SXUSRVHV EXW IRU RWKHU W\SHV RI
HQYLURQPHQWDO PRQLWRULQJ


(VWLPDWLQJ )LUH %DFNJURXQG
7HPSHUDWXUH DW D *HRVWDWLRQDU\ 6FDOH
³ $Q (YDOXDWLRQ RI &RQWH[WXDO
0HWKRGV IRU $+,

 (VWLPDWLQJ )LUH %DFNJURXQG 7HPSHUDWXUH DW D *HRVWDWLRQDU\ 6FDOH ³ $Q (YDOXDWLRQ RI
&RQWH[WXDO 0HWKRGV IRU $+,
 ,QWURGXFWLRQ
6DWHOOLWH UHPRWH VHQVLQJ KDV EHFRPH D YLWDO WRRO LQ WKH DUVHQDO RI ODQG PDQDJHUV
QRW RQO\ IRU WKH LQLWLDO GHWHFWLRQ RI DFWLYH ILUH EXW DV SDUW RI LQSXWV IRU PRG
HOOLQJ DQG SODQQLQJ SXUSRVHV 7LPHO\ DQG DFFXUDWH ILUH LQIRUPDWLRQ IURP UHPRWH
VHQVLQJ HQDEOHV SUHSDUDWLRQ DQG SODQQLQJ IRU PLWLJDWLRQ DFWLYLWLHV DORQJ ZLWK SUR
YLGLQJ YLWDO LQIRUPDWLRQ DERXW ILUH EHKDYLRXU DQG FKDUDFWHULVWLFV >@ ,QFUHDVLQJ
LPSRUWDQFH LV EHLQJ SODFHG XSRQ DFWLYH ILUH SURGXFWV WR FDOFXODWH PHWULFV VXFK
DV ILUH UDGLDWLYH SRZHU DQG EXUQ VHYHULW\ >@ LQ RUGHU WR REWDLQ DQ XQGHUVWDQG
LQJ RI KRZ WKH HQYLURQPHQW EXUQV DQG DOVR WR SURYLGH LQSXW IRU HQYLURQPHQWDO
PRGHOOLQJ DQG TXDQWLI\LQJ RXWSXWV VXFK DV FDUERQ HPLVVLRQV IURP ILUH
$FWLYH ILUH GHWHFWLRQ IURP UHPRWH VHQVLQJ UHOLHV RQ HOHYDWHG OHYHOV RI UDGLDWLRQ
LQ WKH LQIUDUHG ZDYHOHQJWKV FDXVHG E\ WKH EODFNERG\ UDGLDWLRQ HPLWWHG IURP ILUH
>@ 7KH W\SLFDO HQHUJ\ HPLWWHG E\ ILUH DW PHGLXP ZDYH LQIUDUHG  ² P ZDYH
OHQJWKV FDQ EH VHYHUDO RUGHUV RI PDJQLWXGH KLJKHU WKDQ UHJXODU UDGLDWLRQ OHYHOV
ZKLFK DUH SULPDULO\ PDGH XS RI WKHUPDO HPLVVLRQ IURP WKH VXUIDFH DQG VRODU UH
IOHFWLRQ > @ 7KLV GLVSDULW\ LQ HQHUJ\ OHYHOV DOORZ ILUHV WKDW DUH PXFK VPDOOHU
WKDQ WKH SL[HO DUHD WR EH GHWHFWHG DV WKH H[WUD HQHUJ\ IURP D ILUH ZLOO RYHUZKHOP
WKH EDFNJURXQG OHYHO RI UDGLDWLRQ >@ 7KLV SURSHQVLW\ RI ILUH WR RYHUZKHOP WKH
EDFNJURXQG VLJQDO SUHVHQWV D SUREOHP IRU ILUH GHWHFWLRQ SXUSRVHV DV ZHOO 7KH
DELOLW\ WR GHWHUPLQH ZKHWKHU D SL[HO LV ILUHDIIHFWHG LV GHSHQGHQW XSRQ NQRZLQJ
ZKDW WKH SL[HO VKRXOG ORRN OLNH LQ WKH DEVHQFH RI ILUH >@ $FFXUDWH NQRZOHGJH
RI WKH GLIIHUHQWLDO EHWZHHQ ILUH VLJQDO DQG EDFNJURXQG DOORZV ILUH WR EH GHWHFWHG
DQG HQDEOHV WKH FDOFXODWLRQ RI FRPPRQ ILUHUHODWHG PHWULFV VXFK DV ILUH UDGLDWLYH
SRZHU )53 >@
:LWKRXW WKH DELOLW\ WR GLUHFWO\ PHDVXUH WKH EDFNJURXQG WHPSHUDWXUH RI D SL[HO
LQ WKH HYHQW RI ILUH ILUH DOJRULWKPV KDYH ODUJHO\ XWLOLVHG WKH ODQG DUHD VXUURXQGLQJ
D WDUJHW SL[HO WR IDFLOLWDWH HVWLPDWLRQ RI WKH EDFNJURXQG WHPSHUDWXUH D PHWKRG
NQRZQ DV FRQWH[WXDO HVWLPDWLRQ >      @ )RU SL[HO EULJKWQHVV
WHPSHUDWXUHV LQ WKH PHGLXP ZDYH LQIUDUHG VSDWLDO DXWRFRUUHODWLRQ LV SULPDULO\
GULYHQ E\ ODWLWXGH ZLWK DGMDFHQW SL[HOV UHFHLYLQJ VLPLODU DPRXQWV RI VRODU UDGLD
WLRQ DORQJ ZLWK FOLPDWLF FRQGLWLRQV ZKLFK KRPRJHQLVH ODQG FRYHU RYHU ORFDOLVHG
UHJLRQV 7KLV ZDV KLJKOLJKWHG LQ >@ ZKR VWDWHG WKH DVVXPSWLRQ RI QHLJKERXU
LQJ SL[HOV KDYLQJ WKH VDPH VXUIDFH EDFNJURXQG FKDUDFWHULVWLFV ZDV LPSOLFLW LQ WKH
ILUH DOJRULWKP GHYHORSHG LQ WKDW ZRUN 7KLV ZRUN >@ DOVR VWDWHG WKDW µ WKH
H[WHQW WR ZKLFK WKLV LV WUXH GHSHQGV RI VXUIDFH VSDWLDO KRPRJHQHLW\ DQG WKH VHQVRU
VSDWLDO UHVROXWLRQµ 7KHUH KDV EHHQ QR WKRURXJK H[DPLQDWLRQ RI KRZ VXUIDFH KRPR
7KLV FKDSWHU ZDV SXEOLVKHG LQ D SHHUUHYLHZHG MRXUQDO DV +DOO\ % :DOODFH / 5HLQNH
. -RQHV 6 (QJHO & 	 6NLGPRUH $  (VWLPDWLQJ )LUH %DFNJURXQG 7HPSHUDWXUH DW D
*HRVWDWLRQDU\ 6FDOH ³ $Q (YDOXDWLRQ RI &RQWH[WXDO 0HWKRGV IRU $+, 5HPRWH 6HQVLQJ 
KWWSVGRLRUJUV


 (VWLPDWLQJ )LUH %DFNJURXQG 7HPSHUDWXUH DW D *HRVWDWLRQDU\ 6FDOH ³ $Q (YDOXDWLRQ RI
&RQWH[WXDO 0HWKRGV IRU $+,
\HW XQSDUDOOHOHG PLQ UHIUHVK UDWH IRU JHRVWDWLRQDU\ IXOO GLVN LPDJHV SURYLGH
RSSRUWXQLWLHV WR LPDJH DQG DQDO\VH WKH VHQVRU·V FRYHUDJH DUHD LQ IDU JUHDWHU GHWDLO
WKDQ SUHYLRXVO\ >@ 7KH ILUH GHWHFWLRQ DQG H[DPLQDWLRQ FDSDELOLWLHV RI WKH VHQVRU
KDYH DOUHDG\ EHHQ GHPRQVWUDWHG LQ PXOWLSOH VWXGLHV >   @ 7KHVH VWXGLHV
XVH D PL[ RI FRQWH[WXDO DQG PXOWLWHPSRUDO WHFKQLTXHV WR GHWHFW DQG PRQLWRU ILUH
DFWLYLW\ EXW DV \HW WKHUH KDV EHHQ QR GHILQLWLYH ILUH DOJRULWKP IRU DOO FRQGLWLRQV
DGRSWHG IRU XVH ZLWK WKLV VHQVRU
)LUH GHWHFWLRQ DOJRULWKPV SHUIRUP D QXPEHU RI WHVWV WR QRW RQO\ LVRODWH HOHYDWHG
VRXUFHV RI UDGLDWLRQ EXW WR DOVR HOLPLQDWH IDOVH SRVLWLYH GHWHFWLRQV 7HVWV DUH XVX
DOO\ PDGH WR PDVN FORXG ZKLFK FDQ WULJJHU VRPH GHWHFWLRQV WKURXJK HOHYDWHG
UHIOHFWLYLW\ LQ WKH PHGLXPZDYH LQIUDUHG IRU PDVNLQJ H[FHVV VRODU UHIOHFWLYLW\ LQ
WKH IRUP RI VXQ JOLQW DQG WR IODJ DUHDV RI ZDWHU ZKLFK ZLOO ELDV LQIUDUHG PHDVXUH
PHQWV GRZQZDUGV 2QFH WKHVH VRXUFHV RI HUURU DUH HOLPLQDWHG IURP HYDOXDWLRQ
GHFLVLRQV DUH WKHQ PDGH DERXW WKH VXLWDELOLW\ RI SL[HOV VXUURXQGLQJ D SRWHQWLDO
ILUH IRU ILUH EDFNJURXQG WHPSHUDWXUH FDOFXODWLRQ )RU LQVWDQFH WKH 02',6 0['
SURGXFW >@ XVHV YDOXHV LQLWLDOO\ IURP D  ×  NP SL[HO ZLQGRZ VXUURXQGLQJ
WKH WDUJHW SL[HO ZLWKRXW WKH OHDGLQJ DQG WUDLOLQJ SL[HOV LQ WKH FURVVVZDWK GLUHF
WLRQ GXH WR SL[HO VPHDULQJ WR GHWHUPLQH WKLV WHPSHUDWXUH 7KH DOJRULWKP WKHQ
WHVWV KRZ PDQ\ VXLWDEOH FRQWH[WXDO SL[HOV DUH DYDLODEOH IRU HYDOXDWLRQ ZLWK D VXF
FHVVIXO VHW RI WDUJHW SL[HOV LVRODWHG IRU WHPSHUDWXUH FDOFXODWLRQ ZKHQ WKH QXPEHU
RI YDOLG FRQWH[WXDO SL[HOV UHDFKHV DW OHDVW  RI WKH WRWDO ZLWK D PLQLPXP RI
HLJKW FRQWH[WXDO SL[HOV XVHG IRU FDOFXODWLRQ ,I WKH DOJRULWKP FDQQRW ILQG VXIIL
FLHQW SL[HOV DW WKH ILUVW ZLQGRZ LQ WKLV FDVH RQO\ VL[ SL[HOV DUH DYDLODEOH DQG HLJKW
DUH UHTXLUHG WKH ZLQGRZ H[SDQGV WR  ×  SL[HOV DQG WKH WHVWV DUH UHSHDWHG ,I
WKH WHVW IDLOV DJDLQ WKH F\FOH UHSHDWV H[SDQGLQJ WKH ZLQGRZ WR WKH PD[LPXP VL]H
RI  ×  DW ZKLFK SRLQW WKH WHVWV FRQFOXGH ZLWK QR UHVXOW
7KLV WHFKQLTXH RI WKH H[SDQGLQJ ZLQGRZ LV QRW H[FOXVLYH WR XVH IRU 02',6
7KH 9,,56 913 SURGXFW >@ KDV D EDFNJURXQG WHPSHUDWXUH FDOFXODWLRQ EDVHG
XSRQ D VWDUWLQJ ZLQGRZ RI  ×  ∼ NP LQ OHQJWK D VXFFHVV UDWH EDVHG RQ
 RI YDOLG FRQWH[WXDO SL[HOV DYDLODEOH IRU FDOFXODWLRQ DQG D  SL[HO PLQLPXP
DQG D PD[LPXP ZLQGRZ UDQJH RI  ×  ∼ NP LQ OHQJWK 7KH )LUH ,GHQWLILFD
WLRQ 0DSSLQJ DQG 0RQLWRULQJ $OJRULWKP ),00$ IRU XVH RQ $9+55 VHQVRUV >@
VWDUWHG ZLWK D  ×  ZLQGRZ HQGHG DW WKH  ×  SL[HO OHYHO DQG XVHG  RI WR
WDO FRQWH[WXDO SL[HOV DYDLODEOH ZLWK D PLQLPXP QXPEHU RI HLJKW SL[HOV XVHG :RUN
LQYROYLQJ ILUH GHWHFWLRQ XVLQJ /DQGVDW >@ LQYROYHG HYDOXDWLRQ RI D IL[HG  ×
 SL[HO ZLQGRZ IRU EDFNJURXQG WHPSHUDWXUH FDOFXODWLRQ ZLWK QR OLPLWV SODFHG
XSRQ WKH QXPEHU RI SL[HOV XVHG *HRVWDWLRQDU\ VDWHOOLWH DOJRULWKPV DSSO\ WKHVH
FRQWH[WXDO WHVWV DV ZHOO  WKH 06*6(9,5, VHQVRU ILUH DOJRULWKP >@ VWDUWV DW D  ×
 ZLQGRZ NP GXH WR WKH VHQVRU VSDWLDO UHVROXWLRQ ZLWK D PD[LPXP ZLQGRZ
VL]H RI  ×  NP HYDOXDWHG EHIRUH FDOFXODWLRQ IDLOXUH 7KH SL[HOV LQVLGH

 0HWKRG
HDFK ZLQGRZ DUH WHVWHG DJDLQVW FORXG VXQ JOLQW DQG DQRPDORXV GLIIHUHQFHV EH
WZHHQ PHGLXP ZDYH DQG WKHUPDO LQIUDUHG DQG RQO\ LI DW OHDVW  YDOLG FRQWH[W
SL[HOV DUH DYDLODEOH ZLOO DQ HVWLPDWLRQ WDNH SODFH 7KLV ZRUN RQ 6(9,5, KDV DOVR
EHHQ H[WHQGHG IRU XVH RQ WKH *2(6 VHQVRUV >@ ZLWK VLPLODU SDUDPHWHUV XVHG IRU
FRQWH[WXDO SL[HO XWLOLVDWLRQ
7KHVH H[SDQGLQJ ZLQGRZ PHWKRGV IRU HYDOXDWLQJ WHPSHUDWXUH IURP SL[HO FRQ
WH[W DUH DSSOLHG WR VHQVRUV ZLWK GLIIHUHQW VSDWLDO DQG UDGLRPHWULF FKDUDFWHULVWLFV
VR WKH\ VKRXOG GLIIHU VOLJKWO\ LQ DSSOLFDWLRQ EDVHG XSRQ HDFK VHQVRU 'HVSLWH WKLV
DSDUW IURP D URXJK UHODWLRQVKLS RI VSDWLDO VFDOLQJ EHWZHHQ VRPH RI WKH SURGXFWV
WKHUH LV QR JHQHUDO FRQVHQVXV DV WR WKH LGHDO GLPHQVLRQV IRU FRQWH[WXDO ZLQGRZ
HYDOXDWLRQ DQG LQGHHG QR RSWLPDO YDOXH IRU PLQLPXP SHUFHQWDJH RI YDOLG FRQWH[
WXDO SL[HOV WR XVH IRU GHULYLQJ DQ DFFXUDWH EDFNJURXQG WHPSHUDWXUH
7KH REMHFWLYHV RI WKLV ZRUN DUH WR H[DPLQH FRPPRQ PHWKRGV RI GHULYLQJ ODQG
VXUIDFH WHPSHUDWXUH IURP D WDUJHW·V VXUURXQGLQJV LQ WKH FRQWH[W RI ILUH GHWHFWLRQ
7R DFKLHYH WKLV WKH HQKDQFHG WHPSRUDO DQG VSDWLDO FDSDELOLWLHV RI WKH $+, VHQVRU
DUH H[SORLWHG LQ D ODUJHDUHD VWXG\ 7KLV SDSHU SUHVHQWV WKH HIIHFWV RI YDULDWLRQ
RI H[DPLQHG ZLQGRZ VL]HV DQG YDOLG FRQWH[WXDO SL[HO SHUFHQWDJHV RQ EDFNJURXQG
WHPSHUDWXUH 7KLV ZRUN DOVR KLJKOLJKWV WKH FKDOOHQJHV IDFHG LQ XVLQJ FRQWH[WXDO
HVWLPDWLRQ HIIHFWLYHO\ ZLWK LQ GHSWK H[DPLQDWLRQV RI D QXPEHU RI FDVH VWXG\ DUHDV
WR GHWHUPLQH WKH HIIHFWLYHQHVV RI FRQWH[WXDO WHPSHUDWXUH FDOFXODWLRQ
 0HWKRG
 'DWD
7KLV VWXG\ XWLOLVHV LPDJHV IURP WKH $GYDQFHG +LPDZDUL ,PDJHU $+, D JHR
VWDWLRQDU\ VHQVRU ORFDWHG DW  ( ORQJLWXGH >@ GDWD IURP ZKLFK ZDV REWDLQHG
IURP WKH -DSDQ 0HWHRURORJLFDO $JHQF\ -0$ YLD WKH $XVWUDOLDQ %XUHDX RI 0HWHR
URORJ\ $%20 7KLV JHRVWDWLRQDU\ VHQVRU SURYLGHV FRYHUDJH RYHU WKH $VLD3DFLILF
UHJLRQ RYHU  EDQGV ZLWK DQ LPDJH FDSWXUHG HYHU\ PLQ ,PDJHV ZHUH REWDLQHG
IURP WKH P PHGLXPZDYH LQIUDUHG EDQG $+, %DQG  GDWD ZKLFK LV DYDLO
DEOH LQ $XVWUDOLD IURP WKH 1DWLRQDO &RPSXWLQJ ,QIUDVWUXFWXUH 1&, 'DWHV ZHUH
UDQGRPO\ VHOHFWHG IRU  GD\V RI WKH \HDU  ZLWK D GLVWULEXWLRQ RI WKUHH SHU
FDOHQGDU PRQWK LQ RUGHU WR SURYLGH D UHSUHVHQWDWLYH VDPSOH RI WLPHV LQ WKH UHVXOWV
7KH -XOLDQ GDWHV VHOHFWHG ZHUH GD\V            
               
       DQG  RI  $ VLQJOH LPDJH ZDV H[DPLQHG
DW HDFK RI WKHVH GD\V IRU WKH IXOO GLVN H[DPLQDWLRQ ZKLFK ZDV WDNHQ DW  87&
7KLV WLPH ZDV VHOHFWHG IRU IXOO GLVN SURFHVVLQJ WR PD[LPLVH WKH DPRXQW RI WKH
ODQG VXUIDFH LQ GD\OLJKW DORQJ ZLWK H[DPLQDWLRQ RI PXFK RI WKH GLVN DW RU QHDU


 0HWKRG
 $+, 'LVN &KDUDFWHULVDWLRQ
&ORXG LV D PDMRU VRXUFH RI RFFOXVLRQ ZKHQ PHDVXULQJ EULJKWQHVV WHPSHUDWXUH
YDOXHV ,Q RUGHU WR REWDLQ DQ XQGHUVWDQGLQJ RI WKH UROH FORXG FRYHU SOD\V LQ DQ $+,
IXOO GLVN LPDJH DQG E\ H[WHQVLRQ WKH GLVWULEXWLRQ RI FOHDU VN\ SL[HOV IRU DQDO\VLV
WKH $+, LPDJH ZDV EURNHQ LQWR VXELPDJHV RI  URZV IRU WKH ILUVW  URZV
RI WKH  ×  LPDJH 7KH QXPEHU RI ODQG SL[HOV DYDLODEOH LQ HDFK RI WKHVH
VXELPDJHV ZDV WDOOLHG DQG WKH FORXG FRYHUDJH IURP WKH FORXG PDVN ZDV UHFRUGHG
IRU HDFK IXOO GLVN LPDJH 7KLV EUHDNGRZQ RI WKH $+, IXOO GLVN LQWR VXELPDJHV FDQ
EH VHHQ LQ WKH KRUL]RQWDO EDQGLQJ GHSLFWHG LQ )LJXUH E
7KH ODQG DUHD FRYHUHG E\ $+, FDQ EH TXLWH GLVFRQWLQXRXV HVSHFLDOO\ LQ WKH
HTXDWRULDO UHJLRQV ZKHUH PDQ\ LVODQGV DUH SUHVHQW 7KHVH LVODQGV DQG FRDVWDO DU
HDV ZLOO KDYH SHUPDQHQW JDSV LQ WKHLU FRQWH[WXDO FRYHUDJH DUHD GXH WR WKH ODQG
IRUPV VXUURXQGLQJ WKHP ,Q RUGHU WR JDLQ DQ XQGHUVWDQGLQJ RI WKH PDJQLWXGH
RI WKHVH VWDQGLQJ DQRPDOLHV DQ DQDO\VLV RI WKH ODQG PDVN ZDV FRQGXFWHG 3L[HOV
ZHUH VHOHFWHG E\ WKH QXPEHU RI FRQWH[WXDO SL[HOV DYDLODEOH IRU HVWLPDWLRQ GXULQJ
D FORXGIUHH SHULRG DQG FDWHJRULVHG LQWR SHUFHQWDJH FODVVHV    
   3L[HOV WKDW KDG OHVV WKDQ WKH UHTXLUHG SHUFHQWDJH RI SL[HOV DYDLO
DEOH RQ WKH ODQG PDVN ZHUH IODJJHG DQG FRXQWV RI WKHVH XQXVDEOH SL[HOV ZHUH
WDEOHG
7R LQYHVWLJDWH WKH HIIHFWLYHQHVV RI FRQWH[WXDO HVWLPDWLRQ DW D IXOO GLVN OHYHO WKH
PHDQ RI DOO DYDLODEOH FRQWH[WXDO SL[HOV ZDV WDNHQ IRU HDFK ZLQGRZ VL]H IRU HDFK
FORXGIUHH SL[HO LQ WKH  LPDJHV VHOHFWHG IRU VWXG\ 7KH GLIIHUHQFH EHWZHHQ HDFK
RI WKHVH FRQWH[WXDO HVWLPDWHV DQG WKH EHQFKPDUN FHQWUDO SL[HO ZDV FDOFXODWHG DQG
PHDQ DQG VWDQGDUG GHYLDWLRQV RI WKHVH GLIIHUHQFHV ZHUH DJJUHJDWHG IRU DQDO\VLV
7KHVH YDOXHV ZHUH IXUWKHU EURNHQ GRZQ E\ WKH H[DFW SHUFHQWDJH RI FRQWH[WXDO
SL[HOV DYDLODEOH DW HDFK ZLQGRZ OHYHO LQ RUGHU WR XQGHUVWDQG KRZ SHUFHQWDJH RI
YDOLG SL[HOV DIIHFWV WKH XOWLPDWH FDOFXODWLRQ RI FRQWH[WXDO WHPSHUDWXUH
7KH VL]H RI WKH ODQG DUHD FRYHUHG E\ LQGLYLGXDO SL[HOV LQ D JHRVWDWLRQDU\ LP
DJH LQFUHDVHV DV WKH VHQVRU ]HQLWK DQJOH LQFUHDVHV 7R GHWHUPLQH ZKHWKHU WKLV
H[SDQVLRQ RI SL[HO DUHD KDV DQ HIIHFW RQ FRQWH[WXDO WHPSHUDWXUH FDOFXODWLRQV DOO
SL[HOV IURP WKH GDWDVHW ZLWK FRQWH[WXDO HVWLPDWHV ZHUH WKHQ GLYLGHG LQWR FODVVHV
EDVHG XSRQ WKHLU VHQVRU ]HQLWK DQJOH HLJKW FODVVHV VSDQQLQJ  IURP    DQG
VWDWLVWLFV ZHUH DJJUHJDWHG IRU HDFK RI WKHVH FODVVHV
 ([SDQGLQJ WKH :LQGRZ
$V QRWHG LQ WKH LQWURGXFWLRQ WKHUH KDYH EHHQ PDQ\ DSSURDFKHV WDNHQ WR GHWHU
PLQH D VXLWDEOH ZLQGRZ VL]H IRU FRQWH[WXDO FDOFXODWLRQ DQG QR JHQHUDO FRQVHQVXV
KDV EHHQ UHDFKHG IRU LGHDO SDUDPHWHUV DSDUW IURP D URXJK NP × NP PD[L
PXP ZLQGRZ VL]H IRU WKH /(2 VHQVRU DOJRULWKPV )RU D JHRVWDWLRQDU\ VHQVRU OLNH

 (VWLPDWLQJ )LUH %DFNJURXQG 7HPSHUDWXUH DW D *HRVWDWLRQDU\ 6FDOH ³ $Q (YDOXDWLRQ RI
&RQWH[WXDO 0HWKRGV IRU $+,
$+, ZH DUH OLPLWHG DV WR WKH VSDWLDO ERXQGV RI WKH PLQLPXP ZLQGRZ VL]H ZH FDQ
VHOHFW DV WKH VHQVRU UHVROXWLRQ SUHYHQWV XV IURP UHVROYLQJ DW EHWWHU WKDQ WZR NLOR
PHWUHV LQ WKH LQIUDUHG EDQGV $ PLQLPXP VDPSOLQJ ZLQGRZ RI 5 × 5 KDV EHHQ
VHW DURXQG HDFK SL[HO ZKLFK FRUUHVSRQGV WR NP × NP DW VHQVRU QDGLU $
QXPEHU RI ZLQGRZ VL]HV ZHUH H[DPLQHG ZLWK YDOXHV VHOHFWHG LQ WZR SL[HO LQFUH
PHQWV XS WR D PD[LPXP ZLQGRZ VL]H RI  ×  SL[HOV (DFK RI WKHVH ZLQGRZV
KDG D FRXQW RI YDOLG SL[HOV DQG WKH PHDQ DQG VWDQGDUG GHYLDWLRQ RI GLIIHUHQFHV
EHWZHHQ WKH FRQWH[WXDO PHDQ DQG WKH FHQWUDO SL[HO YDOXH UHFRUGHG IRU HDFK SL[HO
IRU HDFK LPDJH
$ FRPPRQ IHDWXUH RI FRQWH[WXDO DOJRULWKPV LV WKH XVH RI D WKUHVKROG RI YDOLG
SL[HOV DV D SRUWLRQ RI WRWDO H[DPLQDWLRQ ZLQGRZ DV D OLPLWLQJ IDFWRU IRU HVWLPDWLRQ
YDOLGLW\ ,I WKH WDUJHW SL[HO KDV DW OHDVW WKH QXPEHU RI YDOLG FRQWH[W SL[HOV VHW E\
WKLV WKUHVKROG WKH WDUJHW·V FRQWH[WXDO SL[HO YDOXHV DUH XVHG WR FDOFXODWH D WHPSHU
DWXUH HVWLPDWH RWKHUZLVH WKH WDUJHW LV LJQRUHG 7KHUH LV QR FRQVHQVXV XSRQ ZKLFK
WR EDVH D GHILQLWLYH GHFLVLRQ DERXW YDOLG FRQWH[W SHUFHQWDJH FKRLFH  WKH PRVW FRP
PRQO\ XVHG VXFFHVV FULWHULRQ LV  RU DQ DUELWUDU\ QXPEHU RI SL[HOV DV XVHG E\
ERWK 02',6 DQG 9,,56 LQ WKHLU UHVSHFWLYH ILUH SURGXFWV 7KLV VWXG\ KDV FKRVHQ WR
H[DPLQH WKH XVH RI VHYHQ SHUFHQWDJH WKUHVKROGV RI FRQWH[WXDO SL[HO DYDLODELOLW\
UDQJLQJ IURP  WR  LQ  LQFUHPHQWV $ SL[HO LV GHHPHG WR KDYH VXIIL
FLHQW FRQWH[WXDO GDWD WR PDNH D FDOFXODWLRQ ZKHQ WKH QXPEHU RI YDOLG FRQWH[WXDO
SL[HOV LV HTXDO WR RU JUHDWHU WKDQ WKH VHOHFWHG SHUFHQWDJH RYHU WKH ZLQGRZ EHLQJ
H[DPLQHG )RU H[DPSOH DW WKH  [  ZLQGRZ VL]H QLQH RU PRUH YDOLG SL[HOV QHHG
WR EH DYDLODEOH IRU D WHPSHUDWXUH WR EH FDOFXODWHG DW WKH  WKUHVKROG $W VRPH
WKUHVKROGV ODQG SL[HOV ZLWK SUR[LPLW\ WR RFHDQV DQG ODNHV PD\ KDYH LQVXIILFLHQW
ODQG DYDLODEOH WR FDOFXODWH D WHPSHUDWXUH
$QRWKHU FRPPRQO\ XWLOLVHG IHDWXUH RI FRQWH[WXDO DOJRULWKPV LV WKH H[SDQGLQJ
ZLQGRZ :KHQ LQVXIILFLHQW GDWD LV DYDLODEOH DW DQ LQQHU ZLQGRZ VL]H WKH ZLQGRZ
RI H[DPLQDWLRQ JURZV RXWZDUGV XQWLO LW REWDLQV VXIILFLHQW GDWD WR PDNH D WHPSHUD
WXUH GHWHUPLQDWLRQ )RU D WUXH HYDOXDWLRQ RI WKH HIIHFWV RI WKH H[SDQGLQJ ZLQGRZ
RQ FRQWH[WXDO HVWLPDWLRQ LW LV LPSRUWDQW WR NQRZ QRW RQO\ KRZ RIWHQ WKLV ZLQGRZ
H[SDQVLRQ RFFXUV EXW WKH HIIHFW WKH H[SDQGLQJ ZLQGRZ KDV XSRQ FDOFXODWHG FRQ
WH[WXDO HVWLPDWLRQV )RU WKH H[SDQGLQJ ZLQGRZ VHFWLRQ RI WKLV VWXG\ WKH SRUWLRQ
RI GDWD ZLWK IXOO FRQWH[WXDO FRYHUDJH DW WKH 5× 5 ZLQGRZ ZDV DQDO\VHG VHSDUDWHO\
IURP SL[HOV ZLWK DW OHDVW RQH FRQWH[WXDO SL[HO REVFXUHG )URP WKH UHPDLQLQJ SL[HOV
IRU HDFK RI WKH YDOLG FRQWH[W SHUFHQWDJHV SL[HOV ZLWK VXIILFLHQW FRQWH[W DYDLODEOH
DW WKH 5 × 5 ZHUH LGHQWLILHG DQG VWDWLVWLFV FDOFXODWHG RYHU WKHVH SL[HOV )RU WKH
UHPDLQLQJ SL[HOV ZLWK QR VROXWLRQ DW WKH 5 × 5 ZLQGRZ DW HDFK YDOLG FRQWH[W SHU
FHQWDJH WKH ZLQGRZ RI H[DPLQDWLRQ ZDV H[SDQGHG WR 7 × 7 $W WKLV SRLQW WKH
FRXQWV RI YDOLG FRQWH[W SL[HOV ZHUH WRWDOOHG IRU WKH FXUUHQW ZLQGRZ DQG DOO SUHYL
RXV ZLQGRZV ,I WKH QHZ QXPEHU RI FRQWH[WXDO SL[HOV ZDV VXIILFLHQW IRU WKH YDOLG

 0HWKRG
FRQWH[W SHUFHQWDJH WR EH PHW D FRQWH[WXDO HVWLPDWH ZDV FDOFXODWHG RYHU DOO FRQ
WH[WXDO SL[HOV DYDLODEOH DQG WKHVH VWDWLVWLFV ZHUH UHFRUGHG IRU UHSRUWLQJ DW WKH
VSHFLILHG ZLQGRZ VL]H $IWHU WKLV WKH H[DPLQDWLRQ ZLQGRZ ZDV H[SDQGHG DQG
WKH SURFHVV ZDV UHSHDWHG 2QFH WKH ZLQGRZ RI H[DPLQDWLRQ UHDFKHG 25×25 VRPH
SL[HOV ZHUH XQDEOH WR ILQG D VROXWLRQ EDVHG XSRQ WKH VHOHFWHG SHUFHQWDJH RI YDOLG
FRQWH[WXDO SL[HOV &RXQWV RI WKHVH IDLOHG SL[HOV ZHUH DOVR UHFRUGHG
$OVR VRPH H[SDQGLQJ ZLQGRZPHWKRGV ZLOO LQ DGGLWLRQ XVH DQ DEVROXWH WKUHVK
ROG IRU WKH QXPEHU RI YDOLG FRQWH[WXDO SL[HOV UHTXLUHG IRU WHPSHUDWXUH HVWLPDWLRQ
2QFH WKH QXPEHU RI FRQWH[WXDO SL[HOV DYDLODEOH VDWLVILHV WKLV WKUHVKROG RI YDOLG SL[
HOV D FRQWH[WXDO HVWLPDWH ZLOO EH PDGH EDVHG XSRQ WKH DYDLODEOH SL[HOV UHJDUGOHVV
RI WKH YDOLG FRQWH[W SHUFHQWDJH VHW 7KH ZRUN SUHVHQWHG LQ WKLV SDSHU DOVR H[DP
LQHG WKH HIIHFWV RI XVLQJ DQ DEVROXWH WKUHVKROG RI YDOLG SL[HOV RI  VLPLODU WR WKH
9,,56 913 SURGXFW )RU WKLV WKH 5 × 5 ZLQGRZ ZDV ILUVWO\ DQDO\VHG DQG DV 
SL[HOV ZDV WKH FXWRII IRU YDOLGLW\ IRU WKH  YDOLG SL[HO FODVV DW 5 × 5 QR KLJKHU
YDOLG FRQWH[WXDO SL[HO SHUFHQWDJHV ZHUH H[DPLQHG ,I D WDUJHW SL[HO KDG HLWKHU WKH
UHTXLUHG SHUFHQWDJH RI FRQWH[WXDO SL[HOV DYDLODEOH RU VXIILFLHQW FRQWH[WXDO SL[HOV
WR UHDFK WKH DEVROXWH FXWRII WKH WDUJHW SL[HO KDG D FRQWH[W WHPSHUDWXUH HVWLPDWH
FDOFXODWHG DQG UHFRUGHG :KHUH WKLV UHTXLUHPHQW ZDV QRW PHW WKH ZLQGRZ ZDV
H[SDQGHG WR WKH QH[W ZLQGRZ VL]H ,I D WDUJHW SL[HO GLG QRW UHDFK HLWKHU WKH YDOLG
FRQWH[WXDO SHUFHQWDJH RU WKH DEVROXWH WKUHVKROG RI FRQWH[WXDO SL[HOV E\ WKH 25×25
ZLQGRZ WKH WDUJHW SL[HO ZDV UHFRUGHG DV D IDLOXUH DQG WDOOLHG
 &DVH 6WXG\ (YDOXDWLRQ
$ VHULHV RI FDVH VWXG\ DUHDV KDYH DOVR EHHQ HYDOXDWHG LQ D PRUH LQGHSWK IDVKLRQ
GXH WR WKHLU ODQG VXUIDFH YDULDWLRQ RU WKHLU ILUHSURQH QDWXUH 7KHVH DUHDV LQFOXGH
SDUW RI VRXWKHDVWHUQ $XVWUDOLD SDUW RI QRUWKZHVWHUQ $XVWUDOLD D VHFWLRQ RI .DOL
PDQWDQ·V HDVW FRDVW SDUW RI FHQWUDO 7KDLODQG SDUW RI HDVWHUQ &KLQD WKH FHQWUDO
SDUW RI +RQVKX LQ -DSDQ DQG SDUW RI 6LEHULD HDVW RI /DNH %DLNDO (DFK RI WKHVH
DUHDV FRQVLVWV RI D VHFWLRQ RI WKH $+, LPDJH PHDVXULQJ  [  SL[HOV LQ VL]H
ZLWK D VPDOO EXIIHU WR SURYLGH GDWD IRU SL[HOV DW WKH HGJH RI WKH VHOHFWHG ZLQGRZ
7KHVH VWXG\ DUHDV DUH KLJKOLJKWHG LQ )LJXUH 
h#H2 kXR, 6SHFLILFDWLRQV IRU WKH WLPHIUDPHV DUHD RI WKH $+, GLVN DQG 87& WLPHV IRU DQDO\VLV
RI HDFK RI WKH FDVH VWXG\ DUHDV
&DVH VWXG\ DUHD 6WDUW 'DWH (QG 'DWH $+, LPDJH DUHD 7LPH 87& /RFDO WLPH # FHQWURLG
VHD   >   @  
QZD   >   @  
ERU   >   @  
WKO   >   @  
FKQ   >   @  
MSQ   >   @  
VLE   >   @  
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 (VWLPDWLQJ )LUH %DFNJURXQG 7HPSHUDWXUH DW D *HRVWDWLRQDU\ 6FDOH ³ $Q (YDOXDWLRQ RI
&RQWH[WXDO 0HWKRGV IRU $+,
6B;m`2 kXj, &DVH VWXG\ DUHDV VHOHFWHG IRU H[DPLQDWLRQ
,Q RUGHU WR SURYLGH D PRUH UHSUHVHQWDWLYH XQGHUVWDQGLQJ RI KRZ HDFK RI WKHVH
ODQGVFDSHV EHKDYHV GXULQJ ILUHSURQH SHULRGV D VHOHFWLRQ RI LPDJHV IRU HDFK FDVH
VWXG\ DUHD ZDV PDGH EDVHG XSRQ WKH SUHYDOHQFH RI ILUH RYHU  7KH PRQWKO\
9,,56 ILUH SURGXFW 913,0*0/ >@ ZDV VXEVDPSOHG IRU HDFK RI WKH VWXG\ DUHDV
DQG D UROOLQJ ZLQGRZ RI  GD\V ZDV DSSOLHG WR WKH VXP WRWDO RI ILUHV IURP HDFK
DUHD RYHU WKH FRXUVH RI WKH \HDU 7KH SRLQW RI WLPH H[KLELWLQJ PD[LPXP ILUH DF
WLYLW\ IURP WKLV ZDV WKHQ XVHG DV WKH FHQWUDO GD\ LQ D  GD\ ZLQGRZ IRU LQGHSWK
DQDO\VLV 7KH LPDJH WLPH VHOHFWHG IRU HDFK FDVH VWXG\ DUHD ZDV DOVR GHULYHG IURP
WKH WLPH RI ILUHV GHWHFWHG GXULQJ WKH GD\ WLPH SHULRG LQ HDFK FDVH VWXG\ DUHD 7KH
VHOHFWLRQ FULWHULD IRU HDFK FDVH VWXG\ DUHD LV GHWDLOHG LQ 7DEOH 
7KH FRXQWV RI YDOLG FRQWH[W SL[HOV DQG WKH GLIIHUHQFH RI WKH FRQWH[W SL[HO PHDQ
IURP WKH FHQWUDO SL[HO ZHUH REWDLQHG IRU HDFK ZLQGRZ VL]H IRU HDFK LPDJH IRU
HDFK RI WKH FDVH VWXG\ DUHDV XVHG IRU DQDO\VLV $ YLVXDO H[DPLQDWLRQ RI WKH FDXVHV
RI FRQWH[WXDO HVWLPDWH YDULDWLRQ ZDV DOVR FRQGXFWHG EDVHG XSRQ WKH VSDWLDO GLVWUL
EXWLRQ RI WKH PHDQ WHPSHUDWXUH GLIIHUHQFHV FDOFXODWHG RYHU ZLQGRZ VL]HV IURP

 5HVXOWV
5× 5 SL[HOV WR 11× 11 SL[HOV IRU HDFK VLWH
 5HVXOWV
 $+, )XOO 'LVN &KDUDFWHULVDWLRQ
&ORXG LV D PDMRU LPSHGLPHQW WR DQ\ VXUIDFH WHPSHUDWXUH HVWLPDWLRQ DQG WKH DUHD
FRYHUHG E\ WKH $+, GLVN LV QR H[FHSWLRQ $W WKH  87& WLPH SRLQW RQ DYHU
DJH  RI DVVHVVDEOH ODQG VXUIDFHV RQ WKH $+, GLVN DUH FRYHUHG E\ FORXG ZLWK
FORXG FRYHUDJH RYHU ODQG VXUIDFHV UDQJLQJ IURP  WR  RYHU WKH LPDJHV DQDO
\VHG &ORXG FRYHU LV PRVW FRPPRQ RYHU WKH QRUWKHUO\ TXDUWHU RI WKH GLVN ZLWK
DUHDV QRUWK RI $+, LPDJH URZ  H[SHULHQFLQJ  ²  FORXG FRYHU RYHU WKH
SHULRG H[DPLQHG $ IXOO EUHDNGRZQ RI FORXG FRYHU VWDWLVWLFV FDQ EH IRXQG LQ 7D
EOH  7KHVH DUHDV RI FORXG FRYHU DV GHWHUPLQHG E\ WKH FORXG PDVN SURGXFW
ZHUH UHPRYHG IURP WKH FRQWH[W DQDO\VLV DQG IRUP WKH EXON RI WKH PLVVLQJ GDWD
LQ WKH ZLQGRZ H[DPLQDWLRQV
h#H2 kXk, $YHUDJH DQG VWDQGDUG GHYLDWLRQ RI FORXG FRYHUDJH IRU WKH $+, ODQG DUHDV FRYHUHG
LQ WKH VWXG\ 7KH ILJXUHV DUH DQ DJJUHJDWH RI  LPDJHV UHFRUGHG DW  87& DV PHQWLRQHG
LQ 6HFWLRQ  EURNHQ LQWR KRUL]RQWDO VOLFHV RI WKH $+, GLVN DV VKRZQ LQ )LJ 
$+, ,PDJH URZV  RI ODQG SL[HOV 0HDQ  FORXG 6'  FORXG
     
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7DEOH  VXSSOLHV D EUHDNGRZQ RI SL[HOV WKDW DUH LQ SHUPDQHQW GHILFLW RI VXIIL
FLHQW FRQWH[WXDO SL[HOV IRU WHPSHUDWXUH HVWLPDWLRQ DW HDFK YDOLG FRQWH[W SHUFHQW
DJH DW HDFK ZLQGRZ VL]H $ UHTXLUHPHQW RI DW OHDVW  RI FRQWH[WXDO SL[HO DYDLO
DELOLW\ LV TXLWH UHVWULFWLYH JLYHQ WKH ODQGIRUPV SUHVHQW DQG DW OHDVW  RI DOO
ODQG SL[HOV FDQQRW REWDLQ WKLV QXPEHU RI DGMDFHQW FRQWH[WXDO SL[HOV LQ WKH 5 × 5
ZLQGRZ 7KH QXPEHUV LQ WKLV WDEOH DUH DGMXVWHG IRU DOO ZLQGRZ OHYHOV SUHFHGLQJ
³ DQ DVVHVVPHQW RI D 7 × 7 ZLQGRZ IRU LQVWDQFH WDNHV LQWR DFFRXQW SL[HOV DW WKH
5 × 5 ZLQGRZ DW WKH VDPH WLPH WR GHWHUPLQH ZKHWKHU DQ HVWLPDWLRQ LV SRVVLEOH
RYHU DOO RI WKH FRQWH[W SL[HOV DYDLODEOH WR WKH WDUJHW 7KHVH WDUJHW SL[HOV VXIIHU

 (VWLPDWLQJ )LUH %DFNJURXQG 7HPSHUDWXUH DW D *HRVWDWLRQDU\ 6FDOH ³ $Q (YDOXDWLRQ RI
&RQWH[WXDO 0HWKRGV IRU $+,
SHUPDQHQW REVFXUDWLRQ DQG WKHVH ORFDWLRQV FDQ EH IODJJHG DV SUREOHPDWLF IRU
FRQWH[WXDO FDOFXODWLRQ IRU DOO SHULRGV
h#H2 kXj, 1XPEHU DQG SHUFHQWDJH RI SL[HOV WKDW DUH ODFNLQJ VXIILFLHQW DGMDFHQW SL[HOV WR
SURYLGH FRQWH[WXDO HVWLPDWLRQ DW YDULRXV ZLQGRZ VL]HV DQG SHUFHQWDJHV DFURVV WKH $+,
GLVN $ WRWDO RI  $+, ODQG SL[HOV ZHUH HYDOXDWHG
:LQGRZ VL]H
3HUFHQWDJH RI FRQWH[W SL[HOV UHTXLUHG IRU DVVHVVPHQW
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5× 5       
      
7× 7       
      
9× 9       
      
11× 11       
      
13× 13       
      
15× 15       
      
17× 17       
      
19× 19       
      
21× 21       
      
23× 23       
      
25× 25       
      
7DEOH  VKRZV WKH JOREDO PHDQ DQG VWDQGDUG GHYLDWLRQ IRU DOO WDUJHW SL[HOV
DYDLODEOH IRU DVVHVVPHQW DW HDFK ZLQGRZ OHYHO LQGLYLGXDOO\ 7KLV DVVHVVPHQW LV
FRQGXFWHG ZKHUH WKHUH LV DW OHDVW RQH FRQWH[WXDO SL[HO DYDLODEOH DW WKH GHQRWHG
ZLQGRZ VL]H IRU FRPSDULVRQ $V FDQ EH VHHQ WKHUH LV D JOREDO WHQGHQF\ WR RYHUHV
WLPDWH WHPSHUDWXUH IURP WKH DYDLODEOH FRQWH[WXDO SL[HOV DQG WKHUH LV OLWWOH FKDQJH
LQ FHQWUDO WHQGHQF\ RQFH WKH ZLQGRZ RI H[DPLQDWLRQ JURZV EH\RQG 11 × 11 7KH
YDULDWLRQ RI WKH WHPSHUDWXUH HVWLPDWLRQ ULVHV ZLWK WKH LQFUHDVHG GLVWDQFH RI DV
VHVVHG SL[HOV IURP WKH FHQWUH DOWKRXJK WKH GLVWDQFH IURP WKH FHQWUDO SL[HO EH
FRPHV OHVV RI DQ LQIOXHQFH RQ YDULDWLRQ RQFH WKH ZLQGRZ RI H[DPLQDWLRQ JURZV
EH\RQG 11× 11 *OREDO VWDWLVWLFV VXFK DV WKHVH KLGH VRPH RI WKH PRUH LQWHUHVWLQJ
WUHQGV LQ WKH GDWD DQG )LJXUH  VKRZV WKH EUHDNGRZQ RI PHDQ DQG VWDQGDUG
GHYLDWLRQ E\ FRQWH[WXDO SL[HO DYDLODELOLW\ DW HDFK ZLQGRZ
)LJXUH D VKRZV WKH PHDQ YDOXH RI WKH WHPSHUDWXUH GLIIHUHQFH DV D IXQFWLRQ
RI WKH YDOLG FRQWH[W SHUFHQWDJH DYDLODEOH DW WKH RXWHU HGJH RI HDFK ZLQGRZ DSDUW


 (VWLPDWLQJ )LUH %DFNJURXQG 7HPSHUDWXUH DW D *HRVWDWLRQDU\ 6FDOH ³ $Q (YDOXDWLRQ RI
&RQWH[WXDO 0HWKRGV IRU $+,
RQH YDOXH LV REVFXUHG LQ D ZLQGRZ ZLWK WKLV HIIHFW PRVW PDUNHG DW WKH ODUJHU
ZLQGRZ VL]HV 9DULDWLRQ SHDNV LQ D VLPLODU IDVKLRQ WR WKH PHDQ DW DURXQG KDOI
RI DOO FRQWH[WXDO SL[HOV DYDLODEOH ZLWK PRVW ZLQGRZ VL]HV VHHLQJ D OHYHOOLQJ RXW
RI YDULDWLRQ XQWLO RQO\ D KDQGIXO RI FRQWH[WXDO SL[HOV UHPDLQ IRU HVWLPDWLRQ 7KH
UHODWLYH LQGLIIHUHQFH WR GLVWDQFH IURP WKH FHQWUDO SL[HO IRU WKH ODUJHU ZLQGRZ VL]HV
LV GXH WR WKH ZD\ SL[HOV KHUH DUH VHOHFWHG IRU DQDO\VLV 7KH RXWHU HGJH RI WKH
VSHFLILHG ZLQGRZ LV DVVHVVHG ZKLFK LV VTXDUH LQ VKDSH DQG WKH SL[HOV DW HDFK
RXWHU HGJH H[KLELW D IDU JUHDWHU UDQJH RI GLVWDQFHV IURP WKH FHQWUDO SL[HO DV RQH
PRYHV IXUWKHU RXW ZKLFK ZRXOG VPRRWK RXW DQ\ SXUHO\ GLVWDQFHEDVHG YDULDWLRQ
7KH LQYHVWLJDWLRQ LQWR WKH HIIHFW RI VHQVRU ]HQLWK DQJOH RQ WHPSHUDWXUH HVWLPD
WLRQ IRXQG QRPDUNHG LQIOXHQFH 0HDQ YDOXHV LQ WKH ×  ZLQGRZ IRU WHPSHUDWXUH
GLIIHUHQFHV UDQJHG IURP . LQ WKH    YLHZ DQJOH UHJLRQ GRZQ WR .
QHDU WKH HGJH RI WKH GLVN EHWZHHQ    ]HQLWK DQJOH RYHU WKH LPDJHV DQDO\VHG
7KH ODUJHVW HUURUV ZHUH SUHVHQW LQ WKH WZR UHJLRQV FORVHVW WR QDGLU    DQG 
  EXW WKH ODQG VXUIDFH DUHD LQ WKHVH UHJLRQV LV PXFK VPDOOHU WKDQ IXUWKHU RXW
IURP WKH VHQVRU QDGLU 7KHUH DUH QR WUHQGV SUHVHQW GXH WR VHQVRU ]HQLWK DQJOH LQ
WKH VWDQGDUG GHYLDWLRQ RI FRQWH[WXDO HVWLPDWLRQ HLWKHU DSDUW IURP D VOLJKW GURS
LQ YDOXHV FORVH WR QDGLU DQG DW WKH    ]HQLWK DQJOH
 ([SDQGLQJ :LQGRZ $QDO\VLV
7DEOH  GHPRQVWUDWHV WKH EUHDNGRZQ RI HVWLPDWHG SL[HO YDOXHV ZKHQ XWLOLVLQJ DQ
H[SDQGHG ZLQGRZ DOJRULWKP )LUVWO\ WKH UDWH UHSRUWHG LQ WKH  FROXPQ UHSUH
VHQWV WKH FKDUDFWHULVWLFV RI SL[HOV WKDW KDYH DOO FRQWH[WXDO SL[HOV DYDLODEOH DW WKH 
×  ZLQGRZ 7KHVH SL[HOV ZKLFK PDNH XS  RI DOO FORXGIUHH SL[HOV DQDO\VHG
DUH JHQHUDOO\ XQGHUHVWLPDWHG E\ FRQWH[WXDO PHWKRGV DOEHLW RQO\ E\ . DQG
GLVSOD\ ORZ YDULDQFH 7KH RWKHU FROXPQV LQ WKH  ×  URZ UHSRUW VWDWLVWLFV RQ WKH
SL[HOV WKDW DUH DGGHG DW HDFK RI WKH FRQWH[WXDO SHUFHQWDJH DYDLODELOLWLHV VSHFLILHG
)RU H[DPSOH LI D SURFHVV DFFHSWHG HVWLPDWHV ZLWK  RU PRUH DYDLODEOH FRQWH[
WXDO SL[HOV DQ H[WUD  RI DOO WDUJHW SL[HOV ZRXOG EH DYDLODEOH IRU HYDOXDWLRQ
LQ DGGLWLRQ WR WKH  IURP WKH IXOO FRQWH[W  SL[HOV 7KH DGGLWLRQDO SL[HOV
DFFHSWHG DW HDFK YDOLG FRQWH[W SHUFHQWDJH KDYH WKHPHDQV DQG VWDQGDUG GHYLDWLRQV
VKRZQ )RU WKH UHPDLQLQJ SL[HOV ZLWKRXW D VROXWLRQ WKH H[DPLQHG FRQWH[WXDO ZLQ
GRZ LV H[SDQGHG WKURXJK WKH ZLQGRZ YDOXHV VKRZQ ZLWK VWDWLVWLFV UHSRUWHG IRU
SL[HOV WKDW DFKLHYH WKH YDOLG FRQWH[W SHUFHQWDJH DW HDFK ZLQGRZ VL]H $IWHU WKH
SURFHVV LV H[KDXVWHG DW WKH  ×  ZLQGRZ WKH UHPDLQLQJ SL[HOV ZLWKRXW D VROX
WLRQ IRU HDFK SHUFHQWDJH DUH WDOOLHG LQ WKH WRWDO IDLOXUHV URZ DW WKH ERWWRP RI WKH
WDEOH
7KH WHQGHQF\ RI D WDUJHW SL[HO·V FRQWH[WXDO VXUURXQGV WR VOLJKWO\ XQGHUHVWL
PDWH WHPSHUDWXUH LQ RSWLPDO FRQGLWLRQV DV VHHQ LQ )LJXUH  LV DOVR VHHQ KHUH

 5HVXOWV
h#H2 kX8, 0HDQ DQG VWDQGDUG GHYLDWLRQ RI EULJKWQHVV WHPSHUDWXUH GLIIHUHQFHV EHWZHHQ
WKH FHQWUDO SL[HOV DQG WKH FRQWH[WXDO VXUURXQGV DW HDFK ZLQGRZ OHYHO SHU SHUFHQWDJH OHYHO
1XPEHUV VKRZQ LQ WKH  ×  ZLQGRZ URZ UHSRUW VWDWLVWLFV IRU SL[HOV WKDW ZRXOG EH DGGHG
WR WKH  SL[HOV LI WKH YDOLG FRQWH[W SHUFHQWDJH VKRZQ ZDV XVHG WR DFFHSW FRQWH[WXDO
HVWLPDWHV 7KH SHUFHQWDJH RI WRWDO SL[HOV ZLWK HVWLPDWHV DYDLODEOH DW WKH  ×  ZLQGRZ IRU
HDFK YDOLG FRQWH[W SHUFHQWDJH LV DOVR VKRZQ 7KH URZV IRU HDFK VXEVHTXHQW ZLQGRZ VL]H
GHVFULEH WKH QXPEHU RI WHPSHUDWXUH HVWLPDWLRQV WKDW ZRXOG EH DGGHG IURP IDLOXUHV DW WKH
SUHYLRXV ZLQGRZ VL]H E\ H[SDQGLQJ WKH H[DPLQHG ZLQGRZ DQG WKH VXEVHTXHQW PHDQV DQG
YDULDQFHV RI SL[HOV LQFOXGHG IURP WKHVH ZLQGRZ VL]HV $ WRWDO RI  SL[HOV ZHUH
H[DPLQHG RYHU WKH  LPDJHV XVHG LQ WKH VWXG\
9DOLG SRUWLRQ RI WRWDO FRQWH[W SL[HOV
ZLQGRZ                      
 ×  PHDQ .        
VWG .        
FRXQW        
 DYDLO        
7RWDO [ VXFFHVV       
 ×  PHDQ .        
VWG .        
FRXQW 1$       
 DYDLO 1$       
 ×  PHDQ .        
VWG .        
FRXQW 1$       
 DYDLO 1$       
 ×  PHDQ .        
VWG .        
FRXQW 1$       
 DYDLO 1$       
 ×  PHDQ .        
VWG .        
FRXQW 1$       
 DYDLO 1$       
 ×  PHDQ .        
VWG .        
FRXQW 1$       
 DYDLO 1$       
 ×  PHDQ .        
VWG .        
FRXQW 1$       
 DYDLO 1$       
 ×  PHDQ .        
VWG .        
FRXQW 1$       
 DYDLO 1$       
 ×  PHDQ .        
VWG .        
FRXQW 1$       
 DYDLO 1$       
 ×  PHDQ .        
VWG .        
FRXQW 1$       
 DYDLO 1$       
 ×  PHDQ .        
VWG .        
FRXQW 1$       
 DYDLO 1$       
7RWDO IDLOXUHV       
      


 5HVXOWV
LV VKRZQ LQ )LJXUH  )RU WKH SRUWLRQ RI SL[HOV WKDW KDYH QR VROXWLRQ DW WKH  ×
 ZLQGRZ IRU HDFK SHUFHQWDJH WKLV ILJXUH VKRZV WKH UDWH WKDW WDUJHW SL[HOV VXE
VHTXHQWO\ REWDLQ VXIILFLHQW YDOLG FRQWH[WXDO SL[HOV IRU FDOFXODWLRQ DW HDFK ZLQGRZ
VL]H 7KH SRUWLRQ RI WDUJHW SL[HOV WKDW GRHV QRW DFKLHYH VXIILFLHQW FRQWH[WXDO SL[HO
FRXQWV IRU HYDOXDWLRQ DIWHU H[SDQVLRQ WR WKH  ×  ZLQGRZ LV VKRZQ LQ JUH\ $V
VHHQ LQ 7DEOH  WKH KLJKHU FRQWH[WXDO OLPLWDWLRQV KDYH ODUJHU SRUWLRQV RI WKH WR
WDO GDWD VHW VXIIHU IURP LQVXIILFLHQW GDWD IRU HVWLPDWLRQ &KDQJLQJ WKH DFFHSWDQFH
SHUFHQWDJH GRHV QRW KRZHYHU DIIHFW WKH SURSRUWLRQ RI SL[HOV WKDW VXEVHTXHQWO\
REWDLQ VXIILFLHQW FRQWH[WXDO SL[HOV IRU HVWLPDWLRQ DW ODUJHU ZLQGRZ VL]HV 7KLV ILJ
XUH VKRZV WKDW QR H[SDQGLQJ ZLQGRZ WKUHVKROG ZLOO UHWXUQ YDOXHV IRU PRUH WKDQ
 RI WKH UHPDLQLQJ SL[HOV WKDW IDLO WR EH FDOFXODWHG DW WKH  ×  ZLQGRZ VL]H
ZLWK WKH  WKUHVKROG \LHOGLQJ OHVV WKDQ  RI H[WUD SL[HOV DW ODUJHU ZLQGRZV
2I WKH SL[HOV WKDW GR PDQDJH WR REWDLQ VROXWLRQV RQ DYHUDJH DW OHDVW  RI
WKRVH RFFXU DW WKH  ×  RU ZLQGRZ RU ORZHU DQG  RFFXU DW ZLQGRZ VL]HV
DW RU VPDOOHU WKDQ  ×  7KLV UDWH RI UHWXUQ IRU WKH H[SDQGLQJ ZLQGRZ PHWKRG
FRXSOHG ZLWK WKH YDULDELOLW\ RI UHVXOWV FRPLQJ IURP HVWLPDWLRQV PDGH DW WKH ODUJHU
ZLQGRZ VL]HV FDOOV LQWR TXHVWLRQ WKH RYHUDOO HIIHFWLYHQHVV RI XVLQJ VXFK D PHWKRG
HVSHFLDOO\ FRQVLGHULQJ WKH FRPSXWDWLRQDOO\ LQWHQVLYH QDWXUH RI XVLQJ SL[HOV IURP
D ZLGHU DUHD
2IWHQ LQ WKH FDVH RI VRPH RI WKH /(2 ILUH SURGXFWV DQ DEVROXWH FXWRII WKUHVKROG
LV XVHG LQ RUGHU WR FDOFXODWH WHPSHUDWXUHV ZKHUH D FHUWDLQ QXPEHU RI SL[HOV DUH
DYDLODEOH IRU WKH FDOFXODWLRQ UHJDUGOHVV RI WKHLU GLVWDQFH IURP WKH FHQWUDO SL[HO $
WDEOH GHPRQVWUDWLQJ WKH HIIHFW RI XVLQJ D YDOLG SL[HO WKUHVKROG RI  RU PRUH SL[
HOV LV VKRZQ LQ 7DEOH  7KLV WDEOH GRHV QRW VKRZ YDOLG SHUFHQWDJHV DERYH 
DV SL[HOV WKDW DUH RQO\ YDOLG DW WKHVH KLJKHU SHUFHQWDJHV WULJJHU WKH DEVROXWH SL[HO
WKUHVKROG DW WKH  ×  ZLQGRZ 7KH  SL[HO WKUHVKROG KRPRJHQLVHV WKH  
DQG  FODVVHV WR DQ H[WHQW ZLWK YHU\ VLPLODU PHDQV DQG VWDQGDUG GHYLDWLRQV
HPHUJLQJ IURP HDFK ZLQGRZ VL]H 6HWWLQJ DQ DEVROXWH WKUHVKROG RI YDOLG SL[HOV
GRHV LQFUHDVH WKH WRWDO QXPEHU RI SL[HOV WKDW REWDLQ WHPSHUDWXUH HVWLPDWHV EXW
HYHQ VR WKHUH LV VWLOO D QXPEHU RI SL[HOV WKDW D VROXWLRQ LV QRW SRVVLEOH IRU HYHQ DW
WKH ORZHVW SHUFHQWDJHV ,Q FRPSDULVRQ WR WKH ILJXUHV SUHVHQWHG LQ 7DEOH  WKH
HVWLPDWHG PHDQV DW WKH KLJKHU ZLQGRZ SHUFHQWDJHV XVLQJ WKH DEVROXWH WKUHVKROG
DUH UHGXFHG DQG WKH YDULDWLRQ RI WHPSHUDWXUH HVWLPDWHV VPRRWKV RXW RQFH WKH
ZLQGRZ H[SDQGV EH\RQG 9× 9 7KLV LV GXH WR PRUH SL[HOV LQ WKH RULJLQDO DQDO\VLV
H[SDQGLQJ WKH ZLQGRZ IXUWKHU WKDQ ZKDW ZDV UHTXLUHG WR SURYLGH UHDVRQDEO\ DF
FXUDWH WHPSHUDWXUH HVWLPDWLRQ 7KH PDMRU LPSURYHPHQW IURP XVLQJ DQ DEVROXWH
SL[HO WKUHVKROG LV LQ WKH WRWDO SHUFHQWDJH RI SL[HOV WKDW DUH DVVHVVDEOH ZLWK WKH
ILUVW WZR ZLQGRZ VL]HV DEOH WR SURYLGH HVWLPDWHV LQ≥ 98 RI FDVHV LQ DOO SHUFHQWDJH
FODVVHV

 (VWLPDWLQJ )LUH %DFNJURXQG 7HPSHUDWXUH DW D *HRVWDWLRQDU\ 6FDOH ³ $Q (YDOXDWLRQ RI
&RQWH[WXDO 0HWKRGV IRU $+,
 &DVH 6WXG\ $UHDV
)LJXUHV  DQG  VKRZ WKH VSDWLDO GLVWULEXWLRQ LQ WKH PHDQ RI WKH WHPSHUDWXUH
GLIIHUHQFHV DW WKH  ×  ZLQGRZ IRU HDFK RI WKH FDVH VWXG\ DUHDV DORQJ ZLWK D
KLVWRJUDP RI WKH FRXQWV RI WKHVH WHPSHUDWXUH GLIIHUHQFHV SHU DUHD (DFK RI WKH
FDVH VWXG\ DUHDV GLVSOD\ D XQLTXH GLVWULEXWLRQ 6RXWKHDVW $XVWUDOLD )LJXUH D
7KDLODQG )LJXUH G DQG -DSDQ )LJXUH E VKRZ PDUNHG OLQHDU IHDWXUHV ZKLFK
OLQH XS ZLWK ERXQGDULHV RI ODQG XVH DUHDV 6RXWKHDVWHUQ $XVWUDOLD DUHD KDV WKH
PRVW YDULDWLRQ LQ WKH ZHVW ZKHUH IRUHVWHG DUHDV RSHQ WR JUD]LQJ DQG FURSODQGV
ZKLOVW 7KDLODQG DQG -DSDQ KDYH JUHDWHVW YDULDWLRQ LQ OLQH ZLWK FKDQJHV LQ UHOLHI
7KH -DSDQ FDVH VWXG\ DUHD KDV WKH PRVW YDULDWLRQ DW WKH WUHH OLQH KLJK RQ +RQ
VKX·V FHQWUDO UDQJH 7KH HIIHFW RI FRDVWOLQH SL[HOV LV PRVW HYLGHQW LQ WKH %RUQHR
DUHD )LJXUH F ZLWK WKH LQIOXHQFH RI VZDPS DQG PDQJURYH DORQJ WKH FRDVWOLQH
OHDGLQJ WR DQ XQGHUHVWLPDWLRQ RI WHPSHUDWXUHV LQ DGMDFHQW SL[HOV 8UEDQ DUHDV DUH
DOVR D VRXUFH RI XQGHUHVWLPDWLRQ PRVW SUHYDOHQW LQ WKH FHQWUDO &KLQD VWXG\ DUHD
)LJXUH D ZKHUH FLWLHV LQ WKH QRUWK ZHVW RI WKH DUHD GLVSOD\ D KHDW LVODQG HIIHFW
7KLV HIIHFW LV DOVR VHHQ WR D OHVVHU H[WHQW LQ WKH VRXWKHDVW $XVWUDOLD DQG -DSDQ
VWXG\ DUHDV 7KH 6LEHULDQ )LJXUH F DUHD GLVSOD\HG UHODWLYH XQLIRUPLW\ RXWVLGH
RI WKH FHQWUDO ODWLWXGHV ZKHUH XQPHOWHG VQRZ IURPPRXQWDLQ UDQJHV FDXVHG FRP
PLVVLRQ HUURUV LQ WKH FORXG PDVN XVHG ZKLFK OHG WR ODUJH HVWLPDWLRQ HUURUV RQ
WKHVH LQWHUIDFHV 1RUWKZHVWHUQ $XVWUDOLD )LJXUH E LV FKDUDFWHULVHG E\ KLJK OR
FDO YDULDELOLW\ DQG KLJK FRQWUDVW EHWZHHQ YHJHWDWHG DQG EDUH HDUWK DUHDV FRXSOHG
ZLWK WKH ODFN RI VXUIDFH PRLVWXUH LQFUHDVHV WKLV ORFDO YDULDELOLW\ VKRZQ LQ JUHDWHU
GHWDLO LQ )LJXUH  $OO GLVWULEXWLRQV RI WHPSHUDWXUH GLIIHUHQFHV DUH UHODWLYHO\
XQLIRUP LQ QDWXUH ZLWK WKH -DSDQ 6LEHULD DQG 7KDL DUHDV GLVSOD\LQJ ORQJHU WDLOV
WKDQ RWKHU DUHDV
7DEOH  GHSLFWV WKH JOREDO PHDQ DQG VWDQGDUG GHYLDWLRQV RI WKH FDVH VWXG\
DUHDV FRPSDUHG WR WKH RXWHU HGJH RI SL[HOV DW YDULRXV ZLQGRZ VL]HV 7KH JHQ
HUDO WUHQG RI RYHUHVWLPDWLRQ RI SL[HO WHPSHUDWXUHV ZKHQ ORRNLQJ DW WKH JOREDO
VWDWLVWLFV LV VKRZQ KHUH EXW WKH FKDQJH LQ PHDQ YDOXHV LV GLIIHUHQW IURP DUHD
WR DUHD 6WDELOLW\ LQ WKH PHDQ WHPSHUDWXUHV KHUH LV D IXQFWLRQ RI WKH DPRXQW RI
FOHDU VN\ SUHVHQW GXULQJ WKH WLPHV H[DPLQHG ³ 7KDLODQG IRU LQVWDQFH KDV D FRP
SDUDWLYHO\ VPDOO QXPEHU RI SL[HOV DIIHFWHG E\ FORXG GXULQJ WKH H[DPLQHG SHULRG
ZKHUHDV -DSDQ DQG 6LEHULD DUH KHDYLO\ FORXG DIIHFWHG GXULQJ WKHLU H[DPLQHG WLPH
SHULRGV 1RUWKZHVWHUQ $XVWUDOLD VKRZV PDUNHG LPSURYHPHQW LQ WHPSHUDWXUH UH
FRYHU\ ZKHQ ORRNLQJ DW WKH PRUH GLVWDQW ZLQGRZ HGJHV ZKLFK LV VHHPLQJO\ GXH
WR SRRU SHUIRUPDQFH DW WKH  ×  ZLQGRZ VL]H $OO DUHDV KDYH D QRWDEOH JDLQ LQ
WKH WHPSHUDWXUH YDULDQFH DV WKH SL[HOV H[DPLQHG EHFRPH PRUH GLVWDQW IURP WKH
FHQWUDO SL[HO
7DEOH  UHSRUWV VWDWLVWLFV IRU HDFK RI WKH FDVH VWXG\ DUHDV EURNHQ GRZQ E\

 'LVFXVVLRQ
YDOLG FRQWH[WXDO SL[HO SHUFHQWDJH $V FDQ EH VHHQ LQ DOO DUHDV SL[HOV ZLWK DOO FRQWH[
WXDO SL[HOV DYDLODEOH IRU FDOFXODWLRQ WHQG WR XQGHUHVWLPDWH WKH WDUJHW WHPSHUDWXUH
$Q LQFUHDVLQJ WHQGHQF\ WR RYHUHVWLPDWH WHPSHUDWXUH DV WKH DPRXQW RI FRQWH[WXDO
SL[HOV DYDLODEOH UHGXFHV LV SUHVHQW DW DOO VLWHV 7KH VWDELOLW\ RI WHPSHUDWXUH HV
WLPDWLRQ IURP D SL[HO ZLWK QR FRQWH[WXDO REVFXUDWLRQ LV DOVR PXFK EHWWHU WKDQ
IURP DUHDV WKDW DUH SDUWLDOO\ REVFXUHG 6RPH RI WKH FDVH VWXG\ DUHDV GLVSOD\ D
PXFK ODUJHU YDULDQFH RQFH FRQWH[WXDO SL[HOV EHFRPH SDUWLDOO\ REVFXUHG  WKH QRUWK
ZHVWHUQ $XVWUDOLD DUHD LV WKH PHGLDQ IRU YDULDQFH GXULQJ IXOO DYDLODELOLW\ EXW LV WKH
ZRUVW SHUIRUPHU RQFH WKH FRQWH[WXDO DUHD LV HYHQ VOLJKWO\ REVFXUHG 7KH WUHQG RI
JUHDWHU RYHUHVWLPDWLRQ DV REVFXUDWLRQ RI FRQWH[WXDO SL[HOV LQFUHDVHV LV FDXVHG E\
WKH WDUJHW SL[HO WHPSHUDWXUH GURSSLQJ GXH WR FORXG VKDGRZV FDXVLQJ ORZHU VRODU
UHIOHFWLYLW\ LQ FRPSDULVRQ WR FOHDUHU DQG EULJKWHU YDOLG SL[HOV LQ WKH VXUURXQGLQJV
7KH H[SHFWHG GHWHULRUDWLRQ RI DFFXUDF\ IRU HDFK RI WKH SHUFHQWDJH ZLQGRZV LV VHHQ
FOHDUO\ ZLWK VWDQGDUG GHYLDWLRQV LQFUHDVLQJ DV PRUH REVFXUHG HVWLPDWLRQV DUH DF
FHSWHG 7KH VRXWKHDVW $XVWUDOLD 7KDLODQG DQG &KLQD DUHDV GLVSOD\ OHVV YDULDWLRQ
WKDQ RWKHU DUHDV DV WKH SHUFHQWDJH RI YDOLG FRQWH[WXDO DYDLODELOLW\ GHFUHDVHV :LWK
UHJDUG WR QXPEHUV RI WDUJHW SL[HO HVWLPDWHV DYDLODEOH DW HDFK FRQWH[WXDO SHUFHQW
DJH WKHVH H[DPSOHV GLVSOD\ D VOLJKW LQIOHFWLRQ LQ WKHLU WUHQG DURXQG  ZLWK
QXPEHUV RI HVWLPDWHV DYDLODEOH LQFUHDVLQJ LQ JUHDWHU TXDQWLWLHV EHORZ WKLV SHU
FHQWDJH DQG DW OHVVHU TXDQWLWLHV DERYH 7RWDO UHFRYHU\ UDWHV E\ SHUFHQWDJH FDQ EH
FDOFXODWHG E\ DGGLQJ WKH SHUFHQWDJH DYDLODELOLW\ WR WKH REVFXUDWLRQIUHH FRQWH[WXDO
 YDOXHV
0RYLQJ IXUWKHU DZD\ IURP WKH FHQWUDO SL[HO KDV WKH PRVW PDUNHG HIIHFW RQ WHP
SHUDWXUH YDULDWLRQ DQG WKLV HIIHFW FDQ EH VHHQ LQ )LJXUH  7KLV ILJXUH GHSLFWV
WKH FKDQJHV LQ WKH VSDWLDO DQG VWDWLVWLFDO GLVWULEXWLRQ RI FRQWH[WXDO WHPSHUDWXUHV
RYHU WKH VRXWKHDVWHUQ $XVWUDOLDQ VWXG\ DUHD IRU ZLQGRZ VL]HV EHWZHHQ  ×  SL[
HOV DQG  ×  SL[HOV ([SDQGLQJ WKH ZLQGRZ RI H[DPLQDWLRQ IRU SL[HO HVWLPDWLRQ
H[DFHUEDWHV WKH HGJH HIIHFWV VHHQ LQ WKH HDVW DQG VRXWKHDVWHUQ SRUWLRQV RI WKLV
DUHD ZLWK PXFK ODUJHU DUHDV RI KLJK YDULDWLRQ RQ WKH ERXQGDULHV VHHQ SUHYLRXVO\
7KH JUHDWHU ZLQGRZ VL]H DOVR KLJKOLJKWV WKH ODUJHU YDULDWLRQV DW WKH XUEDQ LQWHU
IDFHV RI 6\GQH\ DQG WKH ,OODZDUUD UHJLRQ DQG VKRZV D JHQHUDO RYHUHVWLPDWLRQ RI
WHPSHUDWXUHV DORQJ WKH FRDVWOLQH 7KH GLVWULEXWLRQV RI WHPSHUDWXUHV UHPDLQ QRU
PDO EXW DUH IODWWHQHG FRQVLGHUDEO\ FRPSDUHG WR YDOXHV IURP WKH PRVW DGMDFHQW
SL[HOV
 'LVFXVVLRQ
:KLOVW WKH QXPEHUV SUHVHQWHG LQ 6HFWLRQ  DUH VSHFLILF WR WKH $+, GLVN FRYHUDJH
DUHD WKH VDPH IDFWRUV WKDW UHVWULFW FDOFXODWLRQ RI EDFNJURXQG WHPSHUDWXUH VKRXOG

 (VWLPDWLQJ )LUH %DFNJURXQG 7HPSHUDWXUH DW D *HRVWDWLRQDU\ 6FDOH ³ $Q (YDOXDWLRQ RI
&RQWH[WXDO 0HWKRGV IRU $+,
EH FRPPRQ WR DQ\ SDUW RI WKH JOREH ZKHUH ILUH GHWHFWLRQ DQG DWWULEXWLRQ RFFXUV
&ORXG FRYHUDJH LV D PDMRU LQKLELWLQJ IDFWRU LQ DQ\ VDWHOOLWH ILUH GHWHFWLRQ VHWXS
DQG DUHDV WKDW GLVSOD\ HYHQ PRGHUDWH RFFOXVLRQ RI WKH FRQWH[WXDO VXUURXQGLQJV
WHQG WR SUHVHQW OHVV WKDQ LGHDO HVWLPDWLRQV RI WHPSHUDWXUH )URP WKH UDQJH RI
YDOXHV RI FRQWH[WXDO DYDLODELOLW\ VKRZQ LQ )LJXUH D WKHUH VHHPV WR EH D EUHDN
EHWZHHQ UHVXOWV GHULYHG IURP SL[HOV ZLWK DW OHDVW  FRQWH[WXDO DYDLODELOLW\ DQG
UHVXOWV IURP SL[HOV ZLWK OHVV FRQWH[WXDO YDOXHV DYDLODEOH 8VDJH RI HVWLPDWHV IURP
WDUJHW SL[HOV ZLWK DW OHDVW  DYDLODEOH FRQWH[WXDO LQIRUPDWLRQ PLQLPLVHV WKH
ELDV LQ WKH PHDQ FDOFXODWLRQ RI EDFNJURXQG WHPSHUDWXUH HVSHFLDOO\ DW WKH ODUJHU
ZLQGRZ VL]HV ZKLOVW DOVR OLPLWLQJ WKH YDULDWLRQ RI WKH UHVXOWDQW HVWLPDWLRQV 7KH
UHVXOWV SUHVHQWHG LQ ERWK 7DEOH  DQG )LJXUH  DOVR GHPRQVWUDWH WKH UHODWLYH
VWDELOLW\ RI WHPSHUDWXUHV GHULYHG IURP ZLQGRZ VL]HV ODUJHU WKDQ 13 × 13 RU LQ
$+, VFDOH RQFH SL[HOV DUH DW OHDVW NP IURP WKH SL[HO EHLQJ HVWLPDWHG ,I DQ
LQFUHDVH LQ YDULDQFH RI FDOFXODWHG HVWLPDWHV RI  RYHU YDOXHV GHULYHG DW WKH 5×5
LV DFFHSWDEOH IRU D VSHFLILF SXUSRVH WKHQ WKHUH LV VHHPLQJO\ QR UHDVRQ QRW WR VHW
WKH LQLWLDO DUHD RI H[DPLQDWLRQ IRU FRQWH[WXDO WHPSHUDWXUH DV ODUJH DV SUDFWLFDEOH
EXW LI WKLV WHPSHUDWXUH YDULDQFH LV PRUH RI D FRQFHUQ WKHQ XVLQJ SL[HOV IURP
RXWVLGH HYHQ WKH 11× 11 ZLQGRZ RI SL[HOV EHFRPHV SUREOHPDWLF
7KH HIIHFWV DW SOD\ ZKHQ FDOFXODWLQJ FRQWH[WXDO HVWLPDWHV DV VKRZQ LQ )LJ
XUH  EHDU IXUWKHU H[DPLQDWLRQ 7KH UHODWLYH GLIIHUHQFHV EHWZHHQ WKH PHDQ DQG
YDULDWLRQ VHHQ DW WKH KLJKHU ZLQGRZ VL]HV UHGXFHV DV WKH SL[HOV H[DPLQHG LQFUHDVH
LQ GLVWDQFH IURP WKH WDUJHW DQ HIIHFW QRWHG LQ 6HFWLRQ  EHLQJ GXH WR YDULDWLRQV
LQ WKH ZLQGRZ HGJH UDGLXV ([DPLQDWLRQ RI WKH HIIHFW RI XVLQJ SL[HOV ZLWK VLPLODU
GLVWDQFHV WR WKH WDUJHW LQ D FLUFXODU ULQJ ZRXOG PRVW OLNHO\ EHDU WKLV RXW WKRXJK
LPSOHPHQWDWLRQ RI VXFK D GLVWDQFHEDVHG ZLQGRZ RI H[DPLQDWLRQ ZRXOG EHFRPH
OHVV WULYLDO DV VHQVRU ]HQLWK DQJOH LQFUHDVHV 7KH SDWWHUQ RI PHDQ GLIIHUHQFH DV
D IXQFWLRQ RI YDOLG SL[HOV LV ZRUWK PHQWLRQLQJ DV ZHOO HVSHFLDOO\ ZLWK UHJDUG WR
RYHUHVWLPDWLRQ RI WKH WDUJHW WHPSHUDWXUH ZKHQ YDOLG FRQWH[WXDO SL[HOV DSSURDFK
 7KLV HIIHFW LV OLNHO\ GXH WR VKDGRZLQJ RI WKH WDUJHW SL[HO DQG FRQVHTXHQW
UHGXFWLRQ LQ VRODU UHIOHFWLYLW\ ZLWK WKH WDUJHW SL[HO PRVW OLNHO\ EHLQJ LPPHGLDWHO\
DGMDFHQW WR WKH REVFXUDWLRQ DIIHFWLQJ WKH VXUURXQGLQJ SL[HOV 7KLV HIIHFW LV OHVV
HQHG LQ WKH ULQJV RI SL[HOV VLWXDWHG IXUWKHU IURP WKH WDUJHW SL[HO DV WKH VRXUFH
RI REVFXUDWLRQ DW WKH RXWHU HGJH RI WKH ZLQGRZ LV OHVV OLNHO\ WR EH SUHVHQW FORVHU
LQ WR WKH WDUJHW SL[HO 7KLV RYHUHVWLPDWLRQ LV QRW SDUWLFXODUO\ ODUJH LQ PDJQLWXGH
DQG LV OHVV OLNHO\ WR DIIHFW ILUH GHWHFWLRQ IRU LQVWDQFH EXW VXFK LQIRUPDWLRQ PD\
DVVLVW LQ WKH DGMXVWPHQW RI WHPSHUDWXUHFRQWUROOHG PHWULFV FDOFXODWHG IURP WKHVH
HVWLPDWHV
7KH UHVXOWV DOVR FDVW WKH XVH RI H[SDQGLQJ ZLQGRZV IRU FRQWH[WXDO WHPSHUD
WXUH H[DPLQDWLRQ LQ D SRRU OLJKW SDUWLFXODUO\ IRU WKRVH VHQVRUV ZLWK ODUJHU VSDWLDO
UHVROXWLRQV 7KH YDVW PDMRULW\ RI DOO SL[HO FDOFXODWLRQV DUH DFKLHYHG DW WKH 5 × 5

 'LVFXVVLRQ
ZLQGRZ ZLWK WKH UHFRYHU\ RI GDWD IURP XVLQJ DQ H[SDQGLQJ ZLQGRZ UDQJLQJ IURP
 WR  RI DOO UHPDLQLQJ WDUJHW SL[HOV ,I ZH DUH WR XVH WKH  ZLQGRZ DV DQ
H[DPSOH  RI GDWD LV FRQWULEXWHG IURP WKH 5× 5 ZLQGRZ H[WUD HVWLPDWHV IURP
XVLQJ WKH H[SDQGLQJ ZLQGRZ DUH MXVW RYHU  DQG WKH PDMRULW\ RI WKRVH H[WUD HVWL
PDWHV RFFXU DW RU EHORZ WKH 11×11 ZLQGRZ 7KHUH DUH DOVR FRPSURPLVHV LQYROYHG
LQ XVLQJ WKH HVWLPDWHV ZLWK D JHQHUDO SRVLWLYH ELDV DQG PXFK KLJKHU YDULDWLRQ LQ
YDOXHV DW HYHQ WKH 7× 7 OHYHO 'HSHQGLQJ RQ WKH SXUSRVH RI XVLQJ WKHVH HVWLPDWHV
XVLQJ WKH GDWD FRPLQJ IURP WKH FRPELQHG ZLQGRZV FRXOG EH GHWULPHQWDO WR RYHU
DOO UHSRUWLQJ DFFXUDF\ :KHQ HYDOXDWLQJ KRZ D EDFNJURXQG WHPSHUDWXUH PHWKRG
VKRXOG EH LPSOHPHQWHG FDUH QHHGV WR EH WDNHQ WR HQVXUH WKDW DQ\ QHHG IRU FRP
SUHKHQVLYH FRYHUDJH ZKHWKHU LW EH DFKLHYHG E\ HLWKHU XVLQJ D VPDOOHU SHUFHQWDJH
RI YDOLG FRQWH[WXDO SL[HOV E\ XVLQJ ODUJHU ZLQGRZ VL]HV RU ERWK GRHV QRW LQKLELW
WKH DFFXUDF\ RI WKH RYHUDOO SURGXFW
:LWK UHJDUG WR WKH FDVH VWXG\ DUHDV VHOHFWHG IRU DQDO\VLV WKH UHDVRQV IRU PDMRU
YDULDQFHV LQ FRQWH[WXDOO\ GHWHUPLQHG WHPSHUDWXUH DUH DV GLYHUVH DV WKH FDVH VWXG\
VLWHV VHOHFWHG 3KHQRPHQD DIIHFWLQJ FRQWH[WXDO HVWLPDWLRQ UDQJH IURPKLJKO\ HSKHPHUDO
FRQGLWLRQV VXFK DV ILUH DQG IORRGLQJ WR VHDVRQDOO\ FKDQJLQJ LQIOXHQFHV VXFK DV
VQRZ DQG YHJHWDWLRQ FRYHU WR VHPLSHUPDQHQW LQIOXHQFHV OLNH XUEDQUXUDO LQWHU
IDFHV DQG ODQG FRYHU FKDQJH DQG RQ WR SHUPDQHQW FRQGLWLRQV VXFK DV UHOLHI WUHH
OLQHV DQG FRDVWOLQHV (DFK RI WKHVH LQIOXHQFLQJ IDFWRUV QHHG WR EH WUHDWHG LQ D
GLIIHUHQW ZD\ GHSHQGHQW XSRQ WKH H[SHFWHG WHPSRUDO GXUDWLRQ RI SKHQRPHQD
:KLOVW VHWWLQJ JOREDO WKUHVKROGV LV VDWLVIDFWRU\ IRU PRUH KROLVWLF PHDVXUHV VXFK
DV FDUERQ HPLVVLRQV DQG JOREDO )53 >@ LQ RUGHU WR REWDLQ PRUH DFFXUDWH HV
WLPDWHV RI SL[HO FRQWUDVW IRU PHWULFV ZKLFK UHTXLUH PRUH DFFXUDWH HVWLPDWHV RI
SL[HO WHPSHUDWXUH XVH RI D FRQWH[WXDO PHWKRG PD\ UHTXLUH DSSOLFDWLRQ RI DSULRUL
LQIRUPDWLRQ &RQYHUVHO\ D PHWKRG WKDW WDNHV ORFDO YDULDWLRQ LQWR DFFRXQW E\ XVLQJ
VXFK LQIRUPDWLRQ QHHGV WR WDNH LQWR DFFRXQW WKH FKDQJHV FDXVHG E\ PRUH VKRUW
WHUP LQIOXHQFHV PHQWLRQHG KHUH 7KLV DGGV FRPSOH[LW\ WR DQ\ V\VWHP WKDW XVHV
ILUH EDFNJURXQG WHPSHUDWXUH LQ D UDSLG IDVKLRQ VXFK DV LQ DFWLYH ILUH UHVSRQVH
:KLOVW WKLV VWXG\ GHPRQVWUDWHV WKH HIIHFWLYHQHVV RI FRQWH[WXDO HVWLPDWLRQZKHQ
FRQGLWLRQV DUH DPHQDEOH WKH GHWHULRUDWLRQ RI WHPSHUDWXUH HVWLPDWLRQ ILGHOLW\ DQG
LQ VRPH FDVHV WRWDO ORVV RI UHFRYHU\ OHDGV WR LQYHVWLJDWLRQ RI RWKHU PHWKRGV WKDW
PD\ EH DEOH WR EULGJH WKH JDS LQ WHPSHUDWXUH UHWULHYDO ,QYHVWLJDWLRQ VKRXOG EH HQ
FRXUDJHG LQWR WKH OHYHUDJLQJ LQIRUPDWLRQ IURP WKH WHPSRUDO GRPDLQ ZKHQ ORRNLQJ
DW WKLV SUREOHP 0HWKRGV VXFK DV WKRVH XVHG LQ > @ 	 >@ ORRN DW WKH GLXUQDO
WHPSRUDO GRPDLQ IRU WHPSHUDWXUH HVWLPDWLRQ ZKLFK LV PRUH VXLWHG WR JHRVWDWLRQ
DU\ VHQVRUV VXFK DV $+, DQG *2(6 7KLV GRHV QRW SUHFOXGH WKH XVH RI WHPSRUDO
LQIRUPDWLRQ IRU /(2 SURGXFWV WKRXJK $Q DSSURDFK WR LQWHJUDWLRQ RI WHPSRUDO
PRGHOOLQJ RI EDFNJURXQG WHPSHUDWXUH FRXOG ORRN DW DGMXVWPHQW RI PHDVXUHPHQWV
E\ LPDJHV IURP SUHYLRXV WLPH SHULRGV ZLWK DGMXVWPHQWV PDGH IRU IDFWRUV VXFK

 (VWLPDWLQJ )LUH %DFNJURXQG 7HPSHUDWXUH DW D *HRVWDWLRQDU\ 6FDOH ³ $Q (YDOXDWLRQ RI
&RQWH[WXDO 0HWKRGV IRU $+,
DV WLPH RI LPDJH FDSWXUH /RRNLQJ DW PDQ\ GLIIHUHQW WLPH SRLQWV ZRXOG SURYLGH
UHGXQGDQF\ DJDLQVW HSKHPHUDO FRQGLWLRQV VXFK DV FORXG EXW ORRNLQJ WRR IDU EDFN
LQ WLPH FDQ OHDG WR LQIRUPDWLRQ QRW EHLQJ UHSUHVHQWDWLYH RI WKH FXUUHQW VWDWH RI
WKH ODQGVFDSH $ PL[ RI HSKHPHUDO VHDVRQDO DQG DQQXDO DGMXVWPHQWV VKRXOG
EH H[DPLQHG IRU WKHLU HIIHFWLYHQHVV LQ FRUUHFWLQJ HVWLPDWHG YDOXHV IRU /(2EDVHG
SURGXFWV
:LWK UHJDUG WR WKH GLUHFW DSSOLFDELOLW\ RI WKHVH UHVXOWV WR SURGXFWV DQG YDO
XHV IURP RWKHU VHQVRUV FDXWLRQ VKRXOG EH H[HUFLVHG 7KH SL[HO VL]HV H[DPLQHG
KHUH IURP WKH $+, VHQVRU DUH PXFK ODUJHU WKDQ WKHLU HTXLYDOHQWV IURP LPDJHV
WDNHQ E\ ORZ HDUWK RUELWLQJ VHQVRUV 7KH UDSLG FKDQJHV LQ ODQGIRUPV DQG ODQG
FRYHU W\SHV VHHQ LQ WKH FDVH VWXG\ DUHDV PD\ EH VPRRWKHG RU H[DFHUEDWHG E\ XV
LQJ VPDOOHU SL[HOV DQG WKH RYHUDOO JUDQXODULW\ RI VSDWLDO KRPRJHQHLW\ DW YDU\LQJ
VFDOHV VKRXOG EH WDNHQ LQWR DFFRXQW ZKHQ PDNLQJ FRPSDULVRQV DFURVV SURGXFWV
DQG VHQVRU VFDOHV 6HQVRU GHSHQGHQW HIIHFWV VXFK DV VHQVRU SRLQW VSUHDG IXQFWLRQ
KDYH DOVR QRW EHHQ H[DPLQHG KHUH DOWKRXJK WKHVH HIIHFWV DUH PRVWO\ VHHQ ZKHQ
GHDOLQJ ZLWK KLJK WHPSHUDWXUH DQRPDOLHV LQ WKH 0:,5 EDQG ZKLFK WKH YDVW PDMRU
LW\ RI WDUJHW SL[HOV LQ WKLV VWXG\ GR QRW HQFRXQWHU 7KH RUELW RI WKH VHQVRU XVHG LQ
WKLV VWXG\ DOVR JUDQWV WKH RSSRUWXQLW\ WR H[DPLQH WDUJHWV DW WKH VDPH ORFDO WLPH
RYHU PDQ\ LPDJHV DQG DSSOLFDWLRQ RI PHWKRGV XVHG IRU DQDO\VLV RI /(2 VHQVRU
LQIRUPDWLRQ LQ D VLPLODU IDVKLRQ ZRXOG QHHG WR WDNH LQWR DFFRXQW YDULDWLRQV LQ WKH
WLPH RI LPDJH FDSWXUH IRU ORQJLWXGLQDO DQDO\VLV SXUSRVHV
7KLV VWXG\ KDV DVVHVVHG WKH RYHUDOO DELOLW\ WR HVWLPDWH EDFNJURXQG WHPSHUD
WXUH IURP VSDWLDO FRQWH[W XVLQJ $+, ,Q WKLV VWXG\ WHPSHUDWXUH HVWLPDWHV IURP
SL[HOV ZLWK DOO FRQWH[W SL[HOV DYDLODEOH VKRZ D VWDQGDUG GHYLDWLRQ RI . ZKHQ
H[DPLQHG DFURVV WKH IXOO GLVN ,Q FRPSDULVRQ WKH JOREDO VWDQGDUG GHYLDWLRQV IRU
WKH FDVH VWXG\ DUHDV ZHUH KLJKHU UDQJLQJ IURP . LQ 6LEHULD WR . LQ -DSDQ
:KLOVW DFFXUDF\ RI EDFNJURXQG WHPSHUDWXUH LV OHVV HPSKDVLVHG IRU PHWULFV VXFK
DV )53 LQIRUPDWLRQ REWDLQHG IURP WKLV VWXG\ FRXOG EH XVHG LQ DQ DGMXVWPHQW RI
WKHVH PHWULFV DV FDOFXODWHG IURP $+, .QRZOHGJH DERXW WKH H[SHFWHG YDULDWLRQ RI
PHGLXPZDYH LQIUDUHG UDGLDWLRQ HVWLPDWLRQ PD\ DOVR SOD\ D UROH LQ GHYHORSPHQW
RI QHZ ILUH GHWHFWLRQ WHFKQLTXHV ZKLFK XVH WKH H[SHFWHG YDULDWLRQ RI 0:,5 UD
GLDWLRQ LQ DQ DUHD WR LGHQWLI\ DQRPDORXV YDOXHV DV D ILUVWSDVV ILOWHU 3URYLGLQJ
VLPSOHU DQG PRUH FRQFLVH DOJRULWKPV IRU ILUH GHWHFWLRQ UHGXFHV WKH GDWD YROXPHV
DQG SURFHVVLQJ RYHUKHDG UHTXLUHG OHDGLQJ WR PRUH UDSLG SURGXFWLRQ DQG DSSOLFD
WLRQ RI UHVXOWV

 &RQFOXVLRQV
 &RQFOXVLRQV
$Q DQDO\VLV RI WKH HIIHFWLYHQHVV RI FRQWH[WXDO FDOFXODWLRQ RI SL[HO EDFNJURXQG WHP
SHUDWXUH KDV EHHQ FRQGXFWHG IRU D  LPDJH VHW IURP %DQG  IURP WKH $+, VHQ
VRU 5HVXOWV VKRZ WKDW HVWLPDWHV PDGH IURP XQREVFXUHG FRQWH[W SL[HOV DUH YHU\
DFFXUDWH ZLWK D VOLJKW QHJDWLYH ELDV DQG ORZ YDULDWLRQ RI WHPSHUDWXUH GLIIHUHQFHV
$FFXUDF\ RI WKH FRQWH[WXDO PHWKRG GHWHULRUDWHV ZLWK GHFUHDVLQJ FRQWH[WXDO SL[HO
DYDLODELOLW\ ZLWK  D JRRG EDODQFLQJ SRLQW EHWZHHQ LQFUHDVHG ELDV DQG YDULDWLRQ
RI FDOFXODWHG YDOXHV DQG WKH RYHUDOO DYDLODELOLW\ RI FRQWH[WXDO GDWD IRU HVWLPDWLRQ
8VLQJ D JURZLQJ ZLQGRZ IRU LQFUHDVLQJ WKH SL[HO DYDLODELOLW\ E\ OHYHUDJLQJ D ODUJHU
ZLQGRZ VL]H GHFUHDVHV WKH DFFXUDF\ RI HVWLPDWLRQ UHVXOWV ZLWK PXFK ODUJHU YDO
XHV RI ELDV DQG YDULDWLRQ LQ UHVXOWDQW WHPSHUDWXUHV &DUH QHHGV WR EH WDNHQ ZLWK
H[SDQGLQJ ZLQGRZ PHWKRGV LQ RUGHU WR EDODQFH FRPSUHKHQVLYH FRYHUDJH RI LP
DJH GDWD DJDLQVW WKH DFFXUDF\ UHTXLUHG IURP XVH RI WKH UHVXOWV $ ZLGH UDQJH RI
LQIOXHQFHV FDXVH YDULDWLRQ LQ WHPSHUDWXUH HVWLPDWLRQ ZLWK HDFK RI WKH FDVH VWXG\
DUHDV H[DPLQHG SURYLGLQJ ERWK XQLTXH SUREOHPV IRU FRQWH[WXDO HVWLPDWLRQ DQG
SODFLQJ HPSKDVLV RQ WKH QHHG IRU NQRZLQJ WKH FRQGLWLRQV VSHFLILF WR DQ DUHD LQ RU
GHU WR SURYLGH KLJKO\ DFFXUDWH WHPSHUDWXUH HVWLPDWLRQ &RPSUHKHQVLYH FRYHUDJH
RI DOO ODQG DUHDV LV QRW DFKLHYDEOH XVLQJ FRQWH[WXDO HVWLPDWLRQ DQG LQ PRVW FDVHV
LV QRW GHVLUDEOH GXH WR WKH GHWHULRUDWLRQ RI UHVXOWV DV HVWLPDWHV XVH OHVV RSWLPDO
GDWD $OWHUQDWLYH PHWKRGV IRU WHPSHUDWXUH HVWLPDWLRQ QHHG WR EH H[SORUHG LQ RU
GHU WR RYHUFRPH WKH OLPLWDWLRQV RI FRQWH[WXDOEDVHG DOJRULWKPV SUHVHQWHG KHUH
SDUWLFXODUO\ ZKHQ XVHG ZLWK ODUJH UHVROXWLRQ VHQVRUV VXFK DV $+,
 7KHVLV &RQWH[W
7KLV FKDSWHU RXWOLQHV WKH HUURU DQDO\VLV RI WKH FRPPRQO\ XVHG FRQWH[WXDO EULJKW
QHVV WHPSHUDWXUH HVWLPDWLRQ PHWKRG XVHG E\ PRVW RI WKH FRPPRQ VDWHOOLWHEDVHG
ILUH GHWHFWLRQ SURGXFWV 7KH ZRUN KLJKOLJKWV WKH QHHG WR H[SORUH RWKHU PHWK
RGV IRU EULJKWQHVV WHPSHUDWXUH HVWLPDWLRQ HVSHFLDOO\ LQ DUHDV ZLWK KLJK ODQG
FRYHU YDULDELOLW\ 7KH QH[W FKDSWHU SURYLGHV WKH ILUVW H[SORUDWRU\ H[DPLQDWLRQ
RI D PHWKRG WKDW GLVFDUGV H[DPLQLQJ WKH SL[HO FRQWH[W LQ IDYRXU RI SURYLGLQJ D
UREXVW GLXUQDO ILWWLQJ WHFKQLTXH IRU WHPSHUDWXUH HVWLPDWLRQ

 (VWLPDWLQJ )LUH %DFNJURXQG 7HPSHUDWXUH DW D *HRVWDWLRQDU\ 6FDOH ³ $Q (YDOXDWLRQ RI
&RQWH[WXDO 0HWKRGV IRU $+,
h#H2 kXe, 0HDQ DQG VWDQGDUG GHYLDWLRQ RI EULJKWQHVV WHPSHUDWXUH GLIIHUHQFHV EHWZHHQ
WKH FHQWUDO SL[HOV DQG WKH FRQWH[WXDO VXUURXQGV DW HDFK ZLQGRZ OHYHO SHU SHUFHQWDJH OHYHO
RU ZKHUH QXPEHU RI FRQWH[W SL[HOV UHDFKHV  7KH  ×  ZLQGRZ VWDWLVWLFV VKRZ WKH
JOREDO UDWHV IRU SL[HOV ZKLFK KDYH HTXDO RU JUHDWHU FRQWH[WXDO SL[HOV WKDQ WKH PLQLPXP
IRU HVWLPDWLRQ 7KH URZV IRU HDFK ZLQGRZ VL]H GHVFULEH WKH QXPEHU RI FDOFXODWHG YDOXHV
WKDW ZRXOG EH DGGHG E\ H[SDQGLQJ WR HDFK ZLQGRZ VL]H DQG WKH VXEVHTXHQW PHDQV DQG
YDULDQFHV RI SL[HOV LQFOXGHG IURP WKHVH ZLQGRZ VL]HV
9DOLG SRUWLRQ RI WRWDO FRQWH[W SL[HOV
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 (VWLPDWLQJ )LUH %DFNJURXQG 7HPSHUDWXUH DW D *HRVWDWLRQDU\ 6FDOH ³ $Q (YDOXDWLRQ RI
&RQWH[WXDO 0HWKRGV IRU $+,
6B;m`2 kXd, 0HDQ GLIIHUHQFH EHWZHHQ FRQWH[WXDO HVWLPDWHV DQG WKH FHQWUDO SL[HO IRU WKH
VHOHFWHG SHULRG IRU HDFK DUHD D HDVWHUQ &KLQD FKQ E FHQWUDO +RQVKX MSQ DQG F
6LEHULD VLE

 7KHVLV &RQWH[W
h#H2 kXd, 0HDQ DQG VWDQGDUG GHYLDWLRQ RIPHDQ EULJKWQHVV WHPSHUDWXUH GLIIHUHQFHV RI HDFK
FDVH VWXG\ DUHD IRU HDFK  GD\ SHULRG 3L[HO YDOXHV ZHUH DYHUDJHG RYHU WKH  GD\ SHULRG
IRU HDFK VLWH DQG JOREDO PHDQV DQG VWDQGDUG GHYLDWLRQV RI WKHVH DYHUDJHV DUH UHSRUWHG
:LQGRZ HGJH  ×   ×   ×   × 
&DVH VWXG\ DUHD x¯ 0HDQ x¯ 6' x¯ 0HDQ x¯ 6' x¯ 0HDQ x¯ 6' x¯ 0HDQ x¯ 6'
VHD        
QZD        
ERU        
WKO        
FKQ        
MSQ        
VLE        
h#H2 kX3, 0HDQ DQG VWDQGDUG GHYLDWLRQ RI EULJKWQHVV WHPSHUDWXUH GLIIHUHQFHV EHWZHHQ
WKH FHQWUDO SL[HOV DQG WKH FRQWH[WXDO VXUURXQGV DW WKH VSHFLILHG SHUFHQWDJH OHYHOV IRU WKH
 ×  ZLQGRZ LQ HDFK FDVH VWXG\ DUHD (DFK FROXPQ UHSRUWV WKH VWDWLVWLFV RI DFFHSWLQJ WKH
DYDLODEOH SL[HOV DERYH WKH GHQRWHG SHUFHQWDJH OHYHO 3L[HOV ZLWK IXOO FRQWH[WXDO FRYHUDJH
DUH UHSRUWHG LQ WKH  FROXPQ
9DOLG SRUWLRQ RI WRWDO FRQWH[W SL[HOV
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$ %URDG$UHD 0HWKRG IRU WKH 'LXUQDO
&KDUDFWHULVDWLRQ RI 8SZHOOLQJ
0HGLXP :DYH ,QIUDUHG 5DGLDWLRQ

 $ %URDG$UHD 0HWKRG IRU WKH 'LXUQDO &KDUDFWHULVDWLRQ RI 8SZHOOLQJ 0HGLXP :DYH
,QIUDUHG 5DGLDWLRQ
 ,QWURGXFWLRQ
$FWLYH ILUH LQ WKH ODQGVFDSH LV D PDMRU FDWDO\VW IRU HQYLURQPHQWDO FKDQJH SR
WHQWLDOO\ UHVXOWLQJ LQ ODUJH VRFLRHFRQRPLF LPSDFWV LQFOXGLQJ WKH KLJK FRVWV DQG
ULVNV DVVRFLDWHG ZLWKPLWLJDWLRQ HIIRUWV DQG WKH GLVUXSWLYH HYDFXDWLRQ RI FRPPXQL
WLHV>@ )LUH DXWKRULWLHV DQG ODQG PDQDJHUV DUH FRQVWDQWO\ VHHNLQJ QHZ WHFKQLTXHV
IRU WKH HDUO\ GHWHFWLRQ RI ILUH WR DVVLVW LQ WKH WLPHO\ LQIRUPLQJ DQG HYDFXDWLRQ
RI WKH SXEOLF IURP DWULVN DUHDV WKH SODQQLQJ DQG SULRULWLVDWLRQ RI DVVHW PDQDJH
PHQW VWUDWHJLHV DQG IHDVLELOLW\ DVVHVVPHQW RI SRVVLEOH VXSSUHVVLRQ HIIRUWV 7KLV
UHTXLUHPHQW IRU DFWLYH ILUH GHWHFWLRQ LQ QHDU UHDOWLPH KDV VHHQ WKH DGRSWLRQ RI
UHPRWH VHQVLQJ IURP VDWHOOLWH VHQVRUV DV DQ REMHFWLYH PHDQV WR TXDQWLI\ DQG FKDU
DFWHULVH WKH ORFDWLRQ VSUHDG DQG LQWHQVLW\ RI ILUH HYHQWV WR VXSSRUW WKHVH LPSRU
WDQW GHFLVLRQV >@ 7KH LQIRUPDWLRQ GHULYHG IURP WKLV LPDJHU\ FDQ DOVR EH XVHG
LQ FRQMXQFWLRQ ZLWK RWKHU GDWD WR SURYLGH PRGHOV RI DQ HYHQW OHDGLQJ WR PRUH
DFFXUDWH XQGHUVWDQGLQJ RI WKH SRWHQWLDO LPSDFWV RI DQ HYHQW EHIRUH WKH\ RFFXU
5HPRWH VHQVLQJ IRU ILUH GHWHFWLRQ DQG DWWULEXWLRQ KDV SUHGRPLQDQWO\ IRFXVHG
RQ LPDJHU\ IURP ORZ HDUWK RUELWLQJ /(2 VHQVRUV ZKLFK KDYH VLJQLILFDQW DGYDQ
WDJHV ZLWK UHJDUG WR VSDWLDO UHVROXWLRQ DQG WKHUHIRUH WR WKH PLQLPXP VL]H RI ILUH
WKDW FDQ EH GHWHFWHG 7KH WUDGHRII ZLWK VHQVRUV RI WKLV W\SH LV WKDW WKHLU RUELWDO
SDUDPHWHUV SUHFOXGH UDSLGO\ UHSHDWHG REVHUYDWLRQV RI D VLQJOH ORFDWLRQ DQG ZLWK
RXW D VLJQLILFDQW LQYHVWPHQW LQ FDSLWDO WR SURYLGH IRU PRUH PLVVLRQV WKH DELOLW\
WR SURYLGH UHDOWLPH REVHUYDWLRQV RI ILUH IURP WKHVH VHQVRUV ZLOO EH KDPSHUHG E\
H[WHQVLYH UHYLVLW WLPHV 7KH QHFHVVLW\ IRU UDSLG ILUH GHWHFWLRQ VHHV WKH IRFXV RI ILUH
GHWHFWLRQ VKLIW WR LPDJHU\ REWDLQHG IURP JHRVWDWLRQDU\ VHQVRUV ZKLFK SURYLGH DQ
LQFUHDVHG UHYLVLW UDWH DW WKH FRVW RI D ORVV RI ILGHOLW\ LQ WKH VSDWLDO DQG UDGLRPHWULF
UHDOPV >@ 'HVSLWH WKLV WKH ODXQFK RI QHZ VHQVRUV VXFK DV WKH -DSDQHVH 0HWH
RURORJLFDO $JHQF\·V $GYDQFHG +LPDZDL ,PDJHU $+, DQG WKH 12$$·V $GYDQFHG
%DVHOLQH ,PDJHU $%, SURYLGH DQ HQKDQFHG RSSRUWXQLW\ WR H[DPLQH ILUH LJQLWLRQV
DQG HYROXWLRQ GXH WR LPSURYHG VSDWLDO UDGLRPHWULF DQG WHPSRUDO UHVROXWLRQV FRP
SDUHG WR WKHLU JHRVWDWLRQDU\ SUHGHFHVVRUV
2QH RI WKH SK\VLFDO OLPLWDWLRQV RI VRPH WHFKQLTXHV XVHG IRU WKH UHPRWH VHQV
LQJ RI ILUH LV GHWHUPLQDWLRQ RI WKH EDFNJURXQG WHPSHUDWXUH RI D SL[HO +DYLQJ
DQ DFFXUDWH PHDVXUH RI WKLV WHPSHUDWXUH LV YLWDO LQ RUGHU WR EH DEOH WR FODVVLI\ D
WDUJHW SL[HO DV FRQWDLQLQJ D ILUH LQ WKH ILUVW SODFH DORQJ ZLWK EHLQJ DEOH WR DFFX
UDWHO\ HVWLPDWH WKH DUHD RI WKH SL[HO FRQWDLQLQJ ILUH DQG WKH LQWHQVLW\ RU UDGLDWLYH
RXWSXW RI WKH ILUH >@ %DFNJURXQG WHPSHUDWXUH WHQGV WR EH D GLIILFXOW YDOXH WR
GHWHUPLQH DFFXUDWHO\ EHFDXVH RI WKH REVFXULQJ HIIHFWV RI WKH ILUH·V RXWSXW ZKLFK
7KLV FKDSWHU ZDV SXEOLVKHG LQ D SHHUUHYLHZHG MRXUQDO DV +DOO\ % :DOODFH / 5HLQNH . 	 -RQHV
6  $ %URDG$UHD 0HWKRG IRU WKH 'LXUQDO &KDUDFWHULVDWLRQ RI 8SZHOOLQJ 0HGLXP :DYH ,QIUDUHG
5DGLDWLRQ 5HPRWH 6HQVLQJ   KWWSVGRLRUJUV

 ,QWURGXFWLRQ
RXWZHLJKV WKH EDFNJURXQG VLJQDO IURP D SL[HO LQ WKH PHGLXP ZDYH LQIUDUHG (DUO\
HIIRUWV WR FRUUHFW IRU WKLV EHKDYLRXU XVHG D ELVSHFWUDO DSSURDFK >@ ZKLFK XVHG
WKH UHVSRQVH RI WKHUPDO LQIUDUHG EDQGV LQ WKH VDPH DUHD WR GHYHORS DQ HVWLPDWH
RI ILUH FKDUDFWHULVWLFV 7KHUPDO LQIUDUHG EDQGV DOVR GLVSOD\ VHQVLWLYLW\ WR ILUH RXW
SXWV EXW WR D PXFK OHVVHU H[WHQW DQG DUH JHQHUDOO\ XVHG IRU IDOVH DODUP GHWHFWLRQ
HVSHFLDOO\ IRU PDUJLQDO GHWHFWLRQV IURP WKH PHGLXP ZDYH LQIUDUHG FDXVHG E\ VR
ODU UHIOHFWLRQ >@ 7KH GLIIHUHQFH EHWZHHQ VLJQDO UHVSRQVH LQ WKHVH WZR EDQGV LV
WKH EDVLV IRU PRVW FXUUHQW JHRVWDWLRQDU\ ILUH GHWHFWLRQ DOJRULWKPV DQG VLPLODUO\
ZLWK WKH DQDO\VLV RI /(2 VHQVRU GDWD >@ ,VVXHV ZLWK WKHVH DOJRULWKPV VWDUW ZKHQ
ORRNLQJ DW ILUHV RI VPDOOHU H[WHQWV $ VWXG\ E\ >@ KLJKOLJKWHG LVVXHV ZLWK ILUH UH
WULHYDOV XVLQJ WKH ELVSHFWUDO PHWKRG HVSHFLDOO\ ZLWK UHJDUG WR VPDOOHU ILUHV DQG
EDFNJURXQG WHPSHUDWXUH FKDUDFWHULVDWLRQ 7KH VWXG\ IRXQG WKDW PLVDWWULEXWLRQ
RI WKH EDFNJURXQG WHPSHUDWXUH E\ DV OLWWOH DV . IRU ILUHV WKDW FRYHUHG D SRUWLRQ RI
D SL[HO p ≤ 0.0001 FRXOG SURGXFH HUURUV LQ ILUH DUHD DWWULEXWLRQ E\ D IDFWRU RI 
RU PRUH ZLWK D OHVV VLJQLILFDQW HUURU LQ WHPSHUDWXUH UHWULHYDO RI > ±200. 7KLV
LV RI PDMRU FRQFHUQ IRU WKH XVH RI JHRVWDWLRQDU\ VHQVRUV IRU GHWHFWLRQ DV ILUHV LQ
WKHLU HDUO\ VWDJHV PDNH XS IDU OHVV D SURSRUWLRQ RI D SL[HO IURP D JHRVWDWLRQDU\
VHQVRU WKDQ LV WKH FDVH ZLWK D /(2 VHQVRU
7KH PRVW FRPPRQPHWKRG RI GHULYLQJ EDFNJURXQG WHPSHUDWXUH IRU D ILUH SL[HO
LV WKURXJK WKH XVH RI EULJKWQHVV WHPSHUDWXUHV RI SL[HOV DGMDFHQW WR WKH WDUJHW SL[HO
>@ %\ LGHQWLI\LQJ D QXPEHU RI SL[HOV LQ WKH LPPHGLDWH DUHD WKDW DUH QRW DIIHFWHG
E\ ILUH RU RWKHU RFFOXVLRQ VXFK DV VPRNH DQG FORXG DQ HVWLPDWH FDQ EH IRXQG
E\ DJJUHJDWLRQ RI WKH EULJKWQHVV WHPSHUDWXUH RI WKHVH SL[HOV 7KH DVVXPSWLRQ LV
PDGH WKDW WKH DGMDFHQW SL[HOV XVHG DUH RI D VLPLODU QDWXUH LQ WHUPV RI UHIOHFWDQFH
DQG HPLVVLYLW\ WR WKH WDUJHW SL[HO 7KLV EDFNJURXQG FKDUDFWHULVDWLRQ LV WKHQ XVHG
LQ FRPSDULVRQ WR WKH WDUJHW SL[HO LQ RUGHU WR LGHQWLI\ ZKHWKHU WKH ILUH VLJQDO LV
GLIIHUHQW HQRXJK IURP WKH EDFNJURXQG WR FRQVWLWXWH D ILUH UHWXUQ 3UREOHPV RFFXU
ZLWK WKLV PHWKRG ZKHQ WKH EDFNJURXQG WHPSHUDWXUH LV PLVUHSUHVHQWHG ,Q D VWXG\
E\ >@ HVWLPDWLRQ RI WKH EDFNJURXQG WHPSHUDWXUH IURP DGMDFHQW SL[HOV LQ DSSUR[
LPDWHO\  RI FDVHV SURGXFHG D EDFNJURXQG WHPSHUDWXUH WKDW ZDV KLJKHU WKDQ
WKH EULJKWQHVV WHPSHUDWXUH RI WKH GHWHFWHG ILUH EDVHG XSRQ WKH VXUIDFH YDULDELOLW\
RI WKH DUHD VXUURXQGLQJ WKH GHWHFWLRQ 7KLV VWXG\ DOVR DQDO\VHG WKH JHQHUDO SHU
IRUPDQFH RI WKH 02',6 ELVSHFWUDO ILUH GHWHFWLRQ DOJRULWKP >@ DQG IRXQG WKDW
RQO\  RI WKH ILUH LGHQWLILHG E\ WKH SURGXFW FRXOG EH DFFXUDWHO\ FKDUDFWHULVHG IRU
ILUH WHPSHUDWXUH DQG DUHD :LWK WKH FRDUVHU VSDWLDO UHVROXWLRQ RI JHRVWDWLRQDU\
VHQVRUV WKH DXWKRUV QRWHG WKDW ODUJHU SRWHQWLDO HUURUV ZLOO DIIHFW WKH UHWULHYDO RI
ILUHV LQ FRPSDULVRQ WR /(2 VHQVRUV ZKHQ XVLQJ WKHVH PHWKRGV
$ SURPLVLQJ PHWKRG IRU EDFNJURXQG WHPSHUDWXUH GHWHUPLQDWLRQ LV WKURXJK
WKH XVH RI WLPH VHULHV GDWD IURP JHRVWDWLRQDU\ VHQVRUV 7KLV WLPH VHULHV GDWD
FDQ EH XWLOLVHG EDVHG XSRQ WKH SUHPLVH WKDW XSZHOOLQJ UDGLDWLRQ FDQ EH SUHGLFWHG

 $ %URDG$UHD 0HWKRG IRU WKH 'LXUQDO &KDUDFWHULVDWLRQ RI 8SZHOOLQJ 0HGLXP :DYH
,QIUDUHG 5DGLDWLRQ
EDVHG XSRQ LQFLGHQW VRODU UDGLDWLRQ ZKLFK YDULHV FKLHIO\ E\ WLPH RI GD\ ZLWK
VRPH YDULDWLRQ GXH WR ZHDWKHU HIIHFWV DQG RFFOXVLRQ 0RGHOOLQJ RI WKLV 'LXUQDO
7HPSHUDWXUH &\FOH '7& KDV EHHQ DSSURDFKHG XVLQJ PDQ\ GLIIHUHQW WHFKQLTXHV
(DUOLHU ZRUN RQ WKH PRGHOOLQJ RI WKH '7& ORRNHG WR SURYLGH D SDUDPHWHUEDVHG
GHVFULSWLRQ EDVHG XSRQ ILWWLQJ WR GLVFUHWH PDWKHPDWLFDO IXQFWLRQV VXFK DV WKH
PRGHO SURSRVHG E\ >@ 7KLV ZRUN DSSOLHG WKH PRGHOOHG '7& HVWLPDWH GLUHFWO\
WR PHDVXUHG EULJKWQHVV WHPSHUDWXUHV XVLQJ HPSLULFDOO\ GHULYHG SDUDPHWHUV 7KLV
DSSURDFK WHQGHG WR EH LQVHQVLWLYH WR IXQFWLRQDO YDULDWLRQ GXH WR V\QRSWLF HIIHFWV
DQG SHUIRUPHG LQDGHTXDWHO\ GXULQJ WKH SHULRG RI UDSLG WHPSHUDWXUH FKDQJH LQ
WKH HDUO\ PRUQLQJ 7KH ZRUN RI >@ ZDV WKH ILUVW WR XWLOLVH D VHW RI SULRU REVHU
YDWLRQV DV WUDLQLQJ GDWD IRU D VLJQDO ILWWLQJ SURFHVV XVLQJ WKH PHDQ RI SUHYLRXV
REVHUYDWLRQV DV D VWDWH YHFWRU IRU D .DOPDQ ILOWHU ZKLFK GXH WR WKH VHQVLWLYLW\ RI
D PHDQEDVHG HVWLPDWH WR RXWO\LQJ REVHUYDWLRQV DSSOLFDWLRQ ZDV OLPLWHG WR FORXG
IUHH GDWD RQO\
7KH LQIOXHQFH RI RXWOLHUV RQ WKH WUDLQLQJ GDWD XVHG IRU VLJQDO ILWWLQJ ZDV DG
GUHVVHG LQ SDUW E\ WKH VWXG\ RI >@ ZKR ORRNHG DW D VHOHFWLYH SURFHVV ZKHUHE\
SUHYLRXV GD\V '7&V ZHUH LQFOXGHG LQ WKH WUDLQLQJ GDWD RI D SL[HO EDVHG XSRQ WKH
DPRXQW RI GLVWXUEDQFH LQ WKH GD\·V REVHUYDWLRQV ZLWK D OLPLW RI VL[ FORXG RU ILUH
DIIHFWHG REVHUYDWLRQV RXW RI D  LPDJH '7& SHUPLWWHG 7KHVH OLPLWV HOLPLQDWHG
PXFK RI WKH HIIHFWV RI RXWOLHUV RQ WKH VXEVHTXHQW VLQJOH YDOXH GHFRPSRVLWLRQ
69' XVHG IRU WKH LQLWLDO ILWWLQJ RI EDFNJURXQG WHPSHUDWXUH ,VVXHV RFFXUUHG LQ DU
HDV ZKHUH WKHUH ZHUH LQVXIILFLHQW DQRPDO\IUHH GD\V IRU D ILWWLQJ WR EH SHUIRUPHG
HYHQ ZLWK D VDPSOLQJ VL]H RI WKH SUHYLRXV WKLUW\ GD\V LQ ZKLFK FDVH '7&V ZHUH
VHOHFWHG IURP D OLEUDU\ RI NQRZQ DQRPDO\IUHH '7&V IURP D VLPLODU DUHD 7KH
SURFHVV ZDV UHOLDQW RQ DQ DFFXUDWH FORXG PDVN WR GHWHUPLQH ZKLFK GD\V ZHUH
DQRPDO\IUHH DQG WKH WUDLQLQJ GDWD GHULYDWLRQ ZDV GDWD LQWHQVLYH ZLWK '7& YHF
WRUV KDYLQJ WR EH H[WUDFWHG DQG FDOFXODWHG IRU HDFK LQGLYLGXDO SL[HO SULRU WR ILWWLQJ
XVLQJ WKH 69' SURFHVV 7KHVH LVVXHV OHDG WR WUDLQLQJ GDWD IUDJLOLW\ DQG LQWURGXFHG
VRPH RI WKH LVVXHV WKDW DUH FRPPRQ HUURU VRXUFHV LQ FRQWH[WXDO DOJRULWKPV IRU
ILUH GHWHFWLRQ
,Q RUGHU WR DGGUHVV WKH LVVXHV FDXVHG E\ VDPSOLQJ WUDLQLQJ GDWD IURP D SL[HO
EDVHG DSSURDFK WKLV SDSHU SUHVHQWV D QHZ PHWKRG IRU GHULYLQJ WUDLQLQJ GDWD
EDVHG XSRQ D EURDGDUHD PHWKRG 7KLV PHWKRG H[SORLWV VLPLODULWLHV LQ LQFLGHQW
VRODU UDGLDWLRQ IRXQG DW VLPLODU ODWLWXGHV WR GHULYH WUDLQLQJ GDWD IRU D SL[HO *HR
VWDWLRQDU\ VHQVRU GDWD LV DJJUHJDWHG E\ ODWLWXGH DQG DQ DUHD·V ORFDO VRODU WLPH DQG
IRUPHG LQWR D WLPH VHULHV EDVHG XSRQ D VHQVRU·V WHPSRUDO UHVROXWLRQ 7KLV SDSHU
ZLOO FRPSDUH WKH UHVXOWV REWDLQHG XVLQJ WKLV PHWKRG WR WUDLQLQJ GDWD GHULYHG IURP
LQGLYLGXDO SL[HOV VXFK DV LQ WKH VWXG\ E\ >@ DQG ZLWK FRQWH[WXDO PHWKRGV RI
EDFNJURXQG WHPSHUDWXUH GHWHUPLQDWLRQ WR FRPSDUH WKH DFFXUDF\ HIILFLHQF\ DQG
DYDLODELOLW\ RI HDFK PHWKRG

 0DWHULDOV DQG 0HWKRGV
 0DWHULDOV DQG 0HWKRGV
 +LPDZDUL $+, 'DWD
7KH -DSDQHVH 0HWHRURORJLFDO $JHQF\ -0$ ODXQFKHG WKH +LPDZDUL JHRVWDWLRQ
DU\ VDWHOOLWH LQ 2FWREHU  ZKLFK UHSODFHG WKH 076$7 VHQVRU DV WKH PDLQ
VRXUFH RI PHWHRURORJLFDO GDWD IRU $XVWUDOLD 7KH VHQVRU RQERDUG WKH +LPDZDUL
VDWHOOLWH LV WKH $GYDQFHG +LPDZDUL ,PDJHU $+, D VHQVRU FDSDEOH RI PHDVXULQJ 
EDQGV RI LPDJHU\ UDQJLQJ IURP YLVLEOH OLJKW WKURXJK WR WKHUPDO LQIUDUHG 7KH UD
GLRPHWULF UHVROXWLRQ RI WKH VHQVRU LV VLJQLILFDQWO\ LPSURYHG FRPSDUHG WR SUHYLRXV
LWHUDWLRQV RI 076$7 ZLWK TXDQWL]DWLRQ RI  ELW LQ WKH YLVLEOH DQG QHDU LQIUDUHG
DQG XS WR  ELWV IRU WKH 0:,5 %DQG  ZKLFK LV WKH EDQG PRVW KHDYLO\ XWLOLVHG
IRU ILUH GHWHFWLRQ SXUSRVHV 7KH VHQVRU ERDVWV D VSDWLDO UHVROXWLRQ RI  ×  NP DW
QDGLU IRU LQIUDUHG FKDQQHOV ZLWK YLVLEOH LPDJHU\ DYDLODEOH DW UHVROXWLRQV DV KLJK
DV  ×  NP 6FDQQLQJ RI WKH IXOO GLVN JHQHUDOO\ WDNHV SODFH HYHU\ WHQ PLQXWHV
ZLWK WKH DUHD RI -DSDQ DQG VXUURXQGLQJV VFDQQHG HYHU\  VHFRQGV 7KH FRYHU
DJH DUHD RI LPDJHV SURYLGHG E\ WKH VHQVRU UDQJHV IURP ZHVWHUQ ,QGLD WR +DZDLL
ORQJLWXGLQDOO\ HQFRPSDVVLQJ PXFK RI &KLQD 6LEHULD -DSDQ 6RXWK (DVW $VLD ,Q
GRQHVLD DQG $XVWUDOLD &KDUDFWHULVWLFV RI $+, DQG 076$7 IRU ILUH GHWHFWLRQ FDQ
EH IRXQG LQ 7DEOH 
h#H2 jXR, &RPSDULVRQ RI 076$7 DQG $+, VHQVRUV IRU ILUH GHWHFWLRQ XVLQJ D 0:,5
∼ 4µP FKDQQHO
6HQVRU 076$7 $+,
7HPSRUDO 5HVROXWLRQ  PLQ  PLQ
6SDWLDO 5HVROXWLRQ QDGLU  ×  NP  ×  NP
0HGLXP ZDYH LQIUDUHG FKDQQHO VDWXUDWLRQ WHPSHUDWXUH  .  .
4XDQWLVDWLRQ 0:,5  ELW  ELW
1RLVH HTXLYDOHQW GHOWD WHPSHUDWXUH NE∆T   #  . ≤ #  .
7KH LQFUHDVH LQ LPDJH IUHTXHQF\ IURP WKH $+, VHQVRU LQ SDUWLFXODU DOORZV IRU
JUHDWHU XWLOLVDWLRQ RI WLPH VHULHV GDWD IRU WHPSHUDWXUH HVWLPDWLRQ ZLWK JDSV LQ WKH
GDWD FDXVHG E\ VWDWLRQ NHHSLQJ RU VHQVRU UHFRUGLQJ DQG SURFHVVLQJ LVVXHV KDYLQJ
OHVV RI DQ HIIHFW RQ GHULYHG YDOXHV ,PSURYHPHQWV LQ UDGLRPHWULF UHVROXWLRQ DO
ORZ D JUHDWHU UDQJH RI PHDVXUHPHQWV WR EH UHFRUGHG LPSURYLQJ WKH ILGHOLW\ RI
DQRPDO\ GHWHFWLRQ DQG D JUHDWHU VDWXUDWLRQ WHPSHUDWXUH DOORZV IRU WKH FKDUDFWHU
LVWLFV RI ODUJHU ILUHV WR EH GHWHUPLQHG 3UHOLPLQDU\ ZRUN ZLWK WKLV VHQVRU LQ WKH
ILUH GHWHFWLRQ VSDFH > @ KDV GHPRQVWUDWHG WKH DELOLW\ WR GHWHFW DQG WUDFN ILUHV
XVLQJ PXOWLSOH EDQGV RI LPDJHU\ IURP WKLV VDWHOOLWH VHQVRU
,QFOXVLYH RI WKH KRXVHNHHSLQJ SHULRGV RI WKH VDWHOOLWH ZKLFK RFFXU WZLFH GDLO\
 IXOO GLVN LPDJHV DUH DYDLODEOH IURP $+, SHU GD\ 7KLV VWXG\ XWLOLVHV LPDJH
SURGXFWV SXEOLVKHG E\ WKH $XVWUDOLDQ %XUHDX RI 0HWHRURORJ\ $%20 GHULYHG

 $ %URDG$UHD 0HWKRG IRU WKH 'LXUQDO &KDUDFWHULVDWLRQ RI 8SZHOOLQJ 0HGLXP :DYH
,QIUDUHG 5DGLDWLRQ
IURP UDZ $+, LPDJHV E\ WKH SURFHVV RXWOLQHG LQ >@ IRU %DQG  EULJKWQHVV WHP
SHUDWXUH FRUUHFWLRQV IURP UDZ VDWHOOLWH LPDJHU\ 7KH VWXG\ DOVR PDNHV XVH RI WKH
FOHDU VN\ SUREDELOLW\ SURGXFW DGDSWHG E\ $%20 IURP WKH &/$95[ FORXG PDVN
DOJRULWKP RXWOLQHG LQ >@ ZLWK VRPH PLQRU DOWHUDWLRQV >@ IRU YHULILFDWLRQ RI
FORXG\ SHULRGV LQ WKH WHPSRUDO GDWD VWUHDP &ORXG SURGXFW GDWD IRU $+, LV JHQHU
DOO\ DYDLODEOH DW WHQ PLQXWH LQWHUYDOV ZKLFK LV VLPLODU WR UDZ VDWHOOLWH LPDJHV
 7UDLQLQJ 'DWD 'HULYDWLRQ
8SZHOOLQJ UDGLDWLRQ LQ WKH PHGLXP ZDYH LQIUDUHG FRQVLVWV RI WZR PDLQ FRPSR
QHQWV UHIOHFWLRQ RI VRODU UDGLDWLRQ IURP WKH HDUWK·V VXUIDFH DQG HPLVVLRQ RI EODFN
ERG\ UDGLDWLRQ IURP WKH VXUIDFH GXH WR WHPSHUDWXUH 7KH VNLQ VXUIDFH WHPSHUD
WXUH RI WKH HDUWK LV LQIOXHQFHG E\ D QXPEHU RI IDFWRUV 5DLQ UHGXFHV XSZHOOLQJ
UDGLDWLRQ E\ ERWK ORZHULQJ VXUIDFH DOEHGR DQG UHGXFLQJ VXUIDFH WHPSHUDWXUHV
DQG FRQVHTXHQWO\ HPLVVLRQ &RQYHFWLYH FRROLQJ DQG KHDWLQJ GXH WR DLU PDVVHV
FDQ LQIOXHQFH VXUIDFH WHPSHUDWXUHV DQG ODQG FRYHU FRPSRVLWLRQ FDQ DIIHFW WKH
PDJQLWXGH RI WHPSHUDWXUH FKDQJH +RZHYHU WKH PRVW QRWDEOH LQIOXHQFH LV KHDW
LQJ E\ VRODU UDGLDWLRQ )RU DQ\ DUHD RI ODQG RQ D JLYHQ GD\ DW D JLYHQ ODWLWXGH WKH
DPRXQW RI LQFLGHQW VRODU UDGLDWLRQ VKRXOG EH VLPLODU EDUULQJ REVFXUDWLRQ 7KLV
VKRXOG OHDG WR D VLPLODU UHODWLYH GLXUQDO UHVSRQVH RI XSZHOOLQJ UDGLDWLRQ IURP WKH
ODQG VXUIDFH DW D JLYHQ VRODU WLPH ts %\ EUHDNLQJ WKH ODQG VXUIDFH LQWR ◦ ×
◦ EORFNV ZH FDQ XVH WKH URWDWLRQ RI WKH HDUWK WR FRQVWUXFW DQ DPDOJDPDWHG
WLPH VHULHV ZLWK HDFK EORFN WUDQVODWLQJ WR D VHSDUDWH PLQXWH RI ORFDO VRODU WLPH
,PDJHV IURP WKH VHQVRU KDYH DQ RFHDQ PDVN DQG D UXGLPHQWDU\ FORXG PDVN
DOO SL[HOV EHORZ . GLVFDUGHG DSSOLHG DQG WKH UHPDLQLQJ SL[HOV LQ HDFK EORFN
DUH DJJUHJDWHG DV D PHGLDQ EULJKWQHVV WHPSHUDWXUH 7KLV VZDWK RI EORFNV IURP D
ODWLWXGH LV DVVLJQHG D WLPH DFFRUGLQJ WR WKH 87& WLPH RI WKH LPDJH FDSWXUH DQG WKH
ORQJLWXGH RI WKH EORFN DV D IXQFWLRQ RI LWV RIIVHW IURP WKH *UHHQZLFK PHULGLDQ
ts = UTCimage + longitude× 240(secs) 
(DFK OLQH RI WKH RULJLQDO LPDJH DOVR KDV D VFDQ OLQH WLPH DVVRFLDWHG ZLWK LW
ZKLFK LV WKH RIIVHW RI WKH OLQH FDSWXUH UHODWLYH WR WKH QRPLQDO LPDJH WLPH 7KLV LV
LPSRUWDQW HVSHFLDOO\ ZKHQ FRPSDULQJ DUHDV RI UHODWLYH VSDWLDO SUR[LPLW\ WKDW PD\
EH VFDQQHG DW GLIIHUHQW WLPHV LQ WKH LPDJH FDSWXUH F\FOH %ORFNV DUH DVVLJQHG WKHLU
RZQ VFDQ OLQH WLPH DFFRUGLQJ WR WKH PHGLDQ VFDQ WLPH RI WKH FDSWXUHG SL[HOV IURP
WKH RULJLQDO LPDJH 2QFH WKLV LV DGGHG HDFK EORFN·V DSSDUHQW WLPH LV URXQGHG WR
WKH QHDUHVW PLQXWH DQG WUDLQLQJ GDWD SURFHVVLQJ FDQ FRPPHQFH
$Q H[DPSOH RI WKH YDULDELOLW\ LQ WUDLQLQJ GDWD FDQ EH IRXQG LQ )LJXUH  ZKLFK
LV D VZDWK RI ODQG UXQQLQJ KDOI WKH ZLGWK RI WKH $XVWUDOLDQ FRQWLQHQW DW ◦6




 $ %URDG$UHD 0HWKRG IRU WKH 'LXUQDO &KDUDFWHULVDWLRQ RI 8SZHOOLQJ 0HGLXP :DYH
,QIUDUHG 5DGLDWLRQ
'7&
$ 69' GHFRPSRVHV WKH WUDLQLQJ GDWD PDWUL[ A LQWR D QXPEHU RI SULQFLSDO FRP
SRQHQW YHFWRUV U ZKLFK GHVFULEH WKH WUDLQLQJ GDWD DV D VHULHV RI RUWKRJRQDO YHF
WRUV DORQJ ZLWK WKH GLDJRQDO PDWUL[ Σ ZKLFK FRQWDLQV VRUWHG GHFUHDVLQJ HLJHQ
YDOXHV IRU HDFK FRPSRQHQW DQG WKH PDWUL[ V ZKLFK FRQWDLQV FRHIILFLHQWV IRU WKH
UHFRQVWUXFWLRQ RI WKH EDVLV '7&V DV VKRZQ LQ (TXDWLRQ 
A = UΣV T 
*LYHQ WKH GDWDVHWV LQYROYHG ZLWK WKH EULJKWQHVV WHPSHUDWXUH ILWWLQJ SURFHVV
XVHG LQ WKLV SDSHU D VLJQLILFDQW QXPEHU RI WKH FRPSRQHQW YHFWRUV LQ U FRQWULEXWH
OLWWOH WR WKH '7& ILWWLQJ SURFHVV $Q H[DPLQDWLRQ RI WKH UHODWLRQVKLS EHWZHHQ WKH
PD[LPXP YDULDQFH LQ WKH WUDLQLQJ GDWD DQG WKH '7& LV JLYHQ E\ WKH HLJHQYDOXHV
σi IRXQG LQ Σ 7R PLQLPLVH WKH HIIHFW RI RYHUILWWLQJ FDXVHG E\ WKHVH H[WUD GHJUHHV
RI IUHHGRP LQ WKH FRPSRQHQW YHFWRUV YDOXHV RI σi DUH WDOOLHG XQWLO WKH H[DPLQHG
HLJHQYHFWRUV DFFRXQW IRU DW OHDVW  RI WKH WRWDO YDULDQFH RI WKH 69' SHU >@
ZLWK VXEVHTXHQW YHFWRUV GLVFDUGHG 7KLV JHQHUDOO\ OHDGV WR D U PDWUL[ FRQVLVWLQJ
RI EHWZHHQ WZR DQG VHYHQ YHFWRUV IRU ILWWLQJ LQ WKLV VWXG\
)RU D YHFWRU RI REVHUYDWLRQV IURP D SL[HO e DQ DSSUR[LPDWLRQ RI WKH '7& e∗
FDQ EH FUHDWHG IURP D UHFRQVWUXFWLRQ RI WKH SULQFLSDO FRPSRQHQWV
e∗ =
K∑
i=1
ciUit 
ZKHUH K LV WKH QXPEHU RI EDVLV YHFWRUV XVHG DQG ci LV D VHULHV RI VFDODU YDOXHV
GHULYHG E\ WDNLQJ WKH LQQHU SURGXFW RI WKH REVHUYDWLRQV IURP WKH SL[HO DQG WKH
SULQFLSDO FRPSRQHQWV eTU  ci HVVHQWLDOO\ GHVFULEHV WKH FRQWULEXWLRQ RI HDFK RI
WKH FRPSRQHQW YHFWRUV LQ U WR WKH ILWWHG HVWLPDWH RI WKH '7& e∗
$W WKLV SRLQW WKH URRW PHDQ VTXDUH GLIIHUHQFH RI WKH HVWLPDWH RI WKH '7& LV
FRPSDUHG WR WKH UDZ WHPSHUDWXUH PHDVXUHPHQWV ,I WKHUH LV D VXIILFLHQW ILW EH
WZHHQ WKH WZR DW WKLV SRLQW WKH PRGHO DQVZHU LV DFFHSWHG ZLWKRXW DGMXVWPHQW ,I
QRW WR PLQLPLVH WKH HIIHFWV RI RXWOLHUV RQ WKH UREXVW GHWHUPLQDWLRQ RI WKH '7& D
OHDVW VTXDUHV PLQLPLVDWLRQ RI (TXDWLRQ  RFFXUV XWLOLVLQJ D UREXVW HUURU QRUP
ZKLFK LGHQWLILHV RXWOLHUV WKDW FRQWULEXWH H[FHVVLYHO\ WR HUURU
σ(x, s) =
x2
s+ x2

x LV WKH YDOXH RI e − e∗ DW WLPH t DQG s LV D VFDOH IDFWRU ZKLFK FDQ EH UHGXFHG
LWHUDWLYHO\ WR LPSURYH WKH VROXWLRQ JLYHQ E\ WKH HUURU PLQLPLVDWLRQ &DUH VKRXOG

 0DWHULDOV DQG 0HWKRGV
EH WDNHQ ZKHQ VHOHFWLQJ VXLWDEOH s YDOXHV WR HQVXUH DSSURSULDWH RXWOLHU HOLPLQDWLRQ
DQG WKDW WKH PRGHO GRHV QRW EHFRPH XQVWDEOH 7KLV OHDGV WR WKH DSSOLFDWLRQ RI DQ
RXWOLHU PDVN m VXFK WKDW
mt =


1, |et − e∗t | ≥ σ/
√
3
0, otherwise

ZKLFK OHDGV WR WKH PLQLPLVDWLRQ RI WKH HUURU IXQFWLRQ E(c) DV VKRZQ EHORZ
E(c) =
N∑
t=1
mtρ((et − (
K∑
i=1
ciUit)), σ) 
,Q D VHW RI UDQGRPO\ VHOHFWHG '7&V WKH QXPEHU RI DQRPDOLHV SURGXFHG E\
FORXG IDU RXWZHLJKV WKDW RI ILUH ,Q RUGHU WR PLQLPLVH WKH LQIOXHQFH RI VSRUDGLF
FORXGV WR WKH WHPSHUDWXUH ILWWLQJ SURFHVV DQG NHHS WKH PRGHOOHG FXUYH FORVHU WR
KLJKHU WHPSHUDWXUHV WKDW DUH PRUH UHIOHFWLYH RI JURXQG FRQGLWLRQV WKH ZHLJKWV RI
DOO QHJDWLYH UHVLGXDOV DUH KDOYHG GXULQJ WKH OHDVW VTXDUHV PLQLPLVDWLRQ SURFHVV
7KLV SURFHVV UHILQHV WKH YDOXHV RI ci DSSOLHG WR WKH SULQFLSDO FRPSRQHQWV Ui
LQ RUGHU WR UHFRQVWUXFW DQ DSSUR[LPDWH YDOXH IRU et $W WKLV SRLQW RXWOLHUV IURP
WKH LGHDO '7& FDQ EH LGHQWLILHG DQG DWWULEXWHG DFFRUGLQJ WR WKHLU FKDUDFWHULVWLFV³
ZKHWKHU WKH\ DUH SRVLWLYH RU QHJDWLYH DQRPDOLHV DQG ZKHWKHU WKH FKDQJH RFFXUV
VXGGHQO\ RU JUDGXDOO\ RYHU WLPH
 $OJRULWKP (YDOXDWLRQ
 0HWKRG $FFXUDF\
,Q RUGHU WR WHVW WKH DFFXUDF\ RI EULJKWQHVV WHPSHUDWXUH PRGHOOLQJ XVLQJ %$7 GDWD
D QXPEHU RI FRPSDULVRQV DUH PDGH ZLWK FXUUHQWO\ XVHG PHWKRGV IRU GHULYLQJ
EULJKWQHVV WHPSHUDWXUH )RFXV ZLOO EH SODFHG XSRQ WKH PHWKRG GHVFULEHG E\ >@
ZKLFK JDWKHUV WUDLQLQJ GDWD YHFWRUV IURP WKH SL[HO·V UHFHQW KLVWRU\ UDQJLQJ XS WR
WKLUW\ GD\V SULRU WR WKH WLPH SHULRG EHLQJ ILWWHG 7KLV PHWKRG XVHV D UHMHFWLRQ
FULWHULD EDVHG XSRQ WKH QXPEHU RI SL[HO UHWXUQV LQ D K VHW DIIHFWHG E\ FORXG
ZLWK UHMHFWLRQ RI D GDLO\ YHFWRU EDVHG XSRQ PRUH WKDQ  RI SL[HO UHWXUQV LQ
WKH SHULRG EHLQJ FORXGDIIHFWHG VL[ RI WKH  LPDJHV DYDLODEOH $ SL[HO FDQ EH
FODVVHG DV DEOH WR EH PRGHOOHG XVLQJ WKLV WUDLQLQJ GDWD LI DW OHDVW WHQ GD\V RXW
RI WKH SUHYLRXV WKLUW\ DUH FODVVLILHG DV VXFFHVVIXO DQG RQO\ VXFFHVVIXO YHFWRUV DUH
XWLOLVHG LQ WKH 69' ILWWLQJ SURFHVV $ VLPLODU SURFHVV LV XVHG WR DSSO\ WKLV PHWKRG
WR SL[HO KLVWRU\ LQ WKLV VWXG\ ZLWK D VPDOO DOWHUDWLRQ LQ WKH QXPEHU RI EDG SL[HOV
FDXVLQJ D UHMHFWLRQ $V WKH $+, VHQVRU WDNHV D PD[LPXP RI  LPDJHV LQ D 

 $ %URDG$UHD 0HWKRG IRU WKH 'LXUQDO &KDUDFWHULVDWLRQ RI 8SZHOOLQJ 0HGLXP :DYH
,QIUDUHG 5DGLDWLRQ
KU SHULRG D UHMHFWLRQ RI D GDLO\ YHFWRU RFFXUV ZKHQ WKHUH DUH PRUH WKDQ QLQH
LQVWDQFHV RI FOHDU VN\ SUREDELOLW\ HTXDO WR ]HUR LQ WKH FRUUHVSRQGLQJ $+, FORXG
PDVN GDWD
)RU FRPSDULVRQ D WHPSHUDWXUH ILWWLQJ KDV EHHQ DSSOLHG WR HDFK VDPSOHG SL[HO
XWLOLVLQJ %$7 GDWD GHULYHG IURP WKH SUHYLRXV WKLUW\ GD\V DQG WKH SUHYLRXV WHQ GD\V
SULRU WR WKH ILWWLQJ 7KHVH VDPSOLQJ SRLQWV VLPXODWH WKH PLQLPXP DQG PD[LPXP
DPRXQW RI WUDLQLQJ GDWD DYDLODEOH WR WKH SL[HOEDVHG ILWWLQJ DSSURDFK &RPSDULVRQ
LV DOVR PDGH WR FRQWH[WXDO EDVHG WHPSHUDWXUH GHULYDWLRQ EDVHG XSRQ D VLPLODU
PHWKRG XVHG IRU WKH 02',6 ILUH SURGXFWV >@ ZLWK DQ H[SDQGLQJ NHUQHO EDVHG
XSRQ  FORXG DQG ILUHIUHH UHWXUQV LQ WKH WDUJHW YLFLQLW\ ZLWK D PLQLPXP RI VL[
VXFFHVVIXO UHWXUQV ,Q WKH FDVH RI WKH 02',6 SURGXFWV WKH NHUQHO LV DOORZHG WR
JURZ WR  ×  SL[HOV LQ VL]H EHIRUH UHDFKLQJ D IDLOHG VWDWH 'XH WR WKH ODUJHU
DUHDV FRYHUHG E\ $+, SL[HOV WKH GLYHUJHQFH RI ODQG FRYHU DQG JHRORJ\ RYHU WKHVH
GLVWDQFHV FRXOG EH H[WUHPH VR D OLPLW RI  ×  SL[HOV ZDV SURSRVHG LQVWHDG )RU
WKLV HYDOXDWLRQ D VHW RI  SL[HOV ZHUH UDQGRPO\ VHOHFWHG RYHU WKH $XVWUDOLDQ
FRQWLQHQW IRU WKH PRQWK RI 1RYHPEHU  ZLWK ILWWLQJ RI WKH UDZ EULJKWQHVV
WHPSHUDWXUH SHUIRUPHG XVLQJ WKH IRXU GLIIHUHQW PHWKRGV QRWHG DERYH
 0HWKRG (IILFLHQF\
7KH QDWXUH RI WKH %$7 PHWKRG OHQGV LWVHOI WR SUHSURFHVVLQJ³RQFH D VZDWK KDV
SURFHVVHG IURP D SDUWLFXODU LPDJH WLPH WKH GDWD LV XWLOLVHG LQ DQ\ ILWWLQJ SURFHVV
RQ DQ\ SL[HO LQ WKH VZDWK IRU WKH HQFRPSDVVLQJ SHULRG HLWKHU WHQ RU WKLUW\ GD\V LQ
WKH FDVH RI WKLV VWXG\ )RU HDFK LPDJH DQ RFHDQ PDVN DQG EDVLF FORXG PDVN VXFK
DV GHVFULEHG LQ 6HFWLRQ  LV DSSOLHG EHIRUH EORFNV DUH DJJUHJDWHG E\ PHGLDQ
WHPSHUDWXUH 7KLV GDWD LV VWRUHG LQ ILOHV IRU ODWHU DFFHVV LQ WKH EORFNEDVHG ILWWLQJ
PHWKRG
)RU HYDOXDWLRQ RI WKH HIILFLHQF\ RI ERWK DOJRULWKPV WKH 3\WKRQ FRGH IRU ERWK
PHWKRGV ZDV ZULWWHQ WR WDNH DGYDQWDJH RI DQ LQLWLDO FRPPRQ GDWD JDWKHULQJ SUR
FHVV ORFDWLRQ VWDUW WLPH GDLO\ EULJKWQHVV WHPSHUDWXUH DYDLODEOH FORXG $ UDQ
GRP ORFDWLRQ DQG WLPH LQ $XVWUDOLD GXULQJ WKH PRQWK RI 1RYHPEHU  ZDV VH
OHFWHG ZLWK WKH SL[HOEDVHG WUDLQLQJ GDWD FDOFXODWHG ILUVW $Q H[WUDFWLRQ URXWLQH
IRU WUDLQLQJ GDWD ZDV UXQ RQFH WKH VXLWDELOLW\ RI DQ LQGLYLGXDO GD\ RI GDWD ZDV
DVVHVVHG 7KLV URXWLQH ZRXOG WKHQ FKHFN ZKHWKHU VXIILFLHQW WUDLQLQJ SHULRGV IRU
D SL[HO H[LVWHG DQG UDQ WKH ILWWLQJ URXWLQH LQ WKH HYHQW RI VXFFHVV 7KH WLPH WDNHQ
IRU ERWK VXFFHVVIXO DQG XQVXFFHVVIXO URXWLQHV XVLQJ SL[HOEDVHG WUDLQLQJ GDWD ZDV
UHFRUGHG
1H[W WKH %$7 ILWWLQJ ZDV XQGHUWDNHQ XVLQJ WKLUW\ WUDLQLQJ GD\V DQG WHQ WUDLQ
LQJ GD\V XWLOLVLQJ WKH SUHSURFHVVHG EORFN GDWD ZLWK WKH SURFHVVLQJ WLPH IRU HDFK
UHFRUGHG 3URFHVVLQJ WRRN SODFH XWLOLVLQJ FRGH ZULWWHQ IRU 3\WKRQ  XVLQJ WKH

 5HVXOWV
1XPS\ Y PDWKHPDWLFDO SURFHVVLQJ PRGXOH DQG WKH EXLOWLQ PXOWLSURFHVV
LQJ PRGXOH DORQJ ZLWK WKH S\WKRQQHW&') Y PRGXOH IRU GDWD UHDGLQJ DQG
ZULWLQJ 7KH FRPSXWHU XVHG IRU SURFHVVLQJ XWLOLVHV DQ ,QWHO5 &RUH70 L.
&38 DOORZLQJ  WKUHDGV RI SURFHVVLQJ WR WDNH SODFH DW RQFH RQ WKH VL[ DYDLODEOH
FRUHV ,PDJHV DQG SUHSURFHVVHG WUDLQLQJ GDWD ZHUH VWRUHG RQ DQG DFFHVVHG IURP
DQ H[WHUQDO KDUG GLVN GULYH XVLQJ 86% IRU GDWD WUDQVIHU
 7UDLQLQJ 'DWD $YDLODELOLW\
,Q RUGHU WR FDOFXODWH WKH DYDLODELOLW\ RI SL[HOEDVHG WUDLQLQJ GDWD DV SHU WKH >@
PHWKRG ZH XVHG WKH $+, FORXG PDVN GDWD WR HYDOXDWH FORXG FRYHU DW WKH WLPH RI
HDFK LPDJH ZLWK DOO YDOXHV RI FOHDU VN\ SUREDELOLW\ JUHDWHU WKDQ ]HUR FRXQWLQJ DV
FOHDU VN\ 7KH GDWD ZDV DJJUHJDWHG IRU HDFK SL[HO IRU D  KRXU SHULRG FRUUHVSRQG
LQJ ZLWK D 87& GD\ DQG SL[HOV ZLWK JUHDWHU WKDQ  FORXGIUHH UHWXUQV MXGJHG WR
EH VXLWDEOH IRU WUDLQLQJ SXUSRVHV 7HQ RU PRUH VXFK VXFFHVVHV ZLWKLQ WKH WKLUW\
GD\ SHULRG HYDOXDWHG PDGH WKH SL[HO VXLWDEOH IRU SL[HO EDVHG WUDLQLQJ GDWD FROOHF
WLRQ $V WKH %$7 GDWDVHWV UHO\ RQ UHGXQGDQW PHDVXUHPHQWV IURP DGMDFHQW EORFNV
RQ WKH VZDWK³ZLWK D FRQVHTXHQW UHGXFWLRQ RQ UHOLDQFH XSRQ DQ LQGLYLGXDO EORFN
IRU WUDLQLQJ GDWD³LW ZDV GLIILFXOW WR SURYLGH D GLUHFW FRPSDULVRQ FDVH EDFN WR WKH
SL[HOGHULYHG GDWD IRU HYDOXDWLQJ DYDLODELOLW\ $EVHQFHV LQ PHDVXUHPHQWV IURP D
VSHFLILF EORFN OHDG WR UHGXFWLRQV LQ WKH DFFXUDF\ RI WKH WUDLQLQJ GDWD PRGHO IRU
WKH DWODUJH VZDWK EXW FRPSOHWH ORVV RI PRGHO SHUIRUPDQFH RQO\ RFFXUV ZKHUH D
VLJQLILFDQW OHQJWK RI DQ LQGLYLGXDO VZDWK LV FRPSOHWHO\ REVFXUHG E\ FORXG IRU DQ
H[WHQGHG SHULRG ZKLFK LV XQOLNHO\ RXWVLGH RI VLWXDWLRQV ZKHUH WKH VZDWK LV YHU\
QDUURZ )RU D FRPSDULVRQ LQ WKLV FDVH ZH XVHG WKH DYDLODELOLW\ RI SL[HO WUDLQLQJ
GDWD RQ D SHUSL[HO EDVLV DQG WKH DYDLODELOLW\ RI %$7 GDWD RQ D SHUEORFN EDVLV
IRU WKH PRQWKV RI 2FWREHU DQG 1RYHPEHU  IRU WKH $XVWUDOLDQ FRQWLQHQW 7KH
%$7 DYDLODELOLW\ ILJXUHV LQ WKLV FDVH PD\ EH FRQVWUXHG DV D PLQLPXP DQG HIIHFWLYH
WUDLQLQJ GDWD DYDLODELOLW\ LV JHQHUDOO\ PXFK KLJKHU
 5HVXOWV
 $OJRULWKP $FFXUDF\
)RU FRPSDULVRQ SXUSRVHV EHWZHHQ WKH SL[HOEDVHG DQG %$7 PHWKRGV ZH SUR
FHVVHG VROXWLRQV IRU D VHOHFWLRQ RI  SL[HOV ZLWK UDQGRP ORFDWLRQV RQ WKH
$XVWUDOLDQ FRQWLQHQW ZLWK ILWWLQJ WLPHV GXULQJ WKH PRQWK RI 1RYHPEHU  2I
WKLV ODUJHU VHOHFWLRQ  SL[HOV DSSUR[LPDWHO\  KDG VXIILFLHQW WUDLQLQJ
GDWD DYDLODEOH IRU XVH RI SL[HOEDVHG ILWWLQJ
7DEOH  VKRZV WKH UHODWLYH DFFXUDF\ RI HDFK RI WKH WHPSHUDWXUH ILWWLQJ SUR
FHVVHV LQ FRPSDULVRQ WR WKH UDZ EULJKWQHVV WHPSHUDWXUHV UHFRUGHG E\ WKH $+, VHQ

 $ %URDG$UHD 0HWKRG IRU WKH 'LXUQDO &KDUDFWHULVDWLRQ RI 8SZHOOLQJ 0HGLXP :DYH
,QIUDUHG 5DGLDWLRQ
h#H2 jXk, &RPSDULVRQ RI ILWWLQJ WHFKQLTXHV WR EULJKWQHVV WHPSHUDWXUHV UHFRUGHG E\ WKH
$+, VHQVRU XVLQJ URRW PHDQ VTXDUH HUURU DIWHU HOLPLQDWLQJ LQFLGHQFHV RI &OHDU 6N\ 3URED
ELOLW\ &63 RI OHVV WKDQ RQH IURP WKH HYDOXDWLRQ
)LWWLQJ WHFKQLTXH 506 (UURU .
,QFLGHQFHV RI &63   ≤ 10 11− 30 31− 50 51− 70 > 70
3L[HOEDVHG WUDLQLQJ     
%$7  GD\V     
%$7  GD\V     
&RQWH[WXDO WHPSHUDWXUH     
1XPEHU RI VDPSOHV     
VRU DIWHU PHDVXUHPHQWV IODJJHG DV FORXG DUH HOLPLQDWHG ,Q FOHDU VN\ FRQGLWLRQV
≤ 10 FORXG LQVWDQFHV WKH SL[HOEDVHG WUDLQLQJ PHWKRG SHUIRUPHGPRUH DFFXUDWHO\
WKDQ WKH %$7PHWKRG IRU HLWKHU WHQ RU WKLUW\ GD\V RI WUDLQLQJ GDWD ZLWK GLIIHUHQFHV
RI  DQG . UHVSHFWLYHO\ 7KLV ZDV H[SHFWHG DV WKH GDWD GHULYHG IURP DQ
LQGLYLGXDO SL[HO ZLOO SHUIRUP IDU EHWWHU ZLWK UHJDUG WR ORFDOLVHG HIIHFWV RQ SL[HOV
VXFK DV ODQG FRYHU FRPSRVLWLRQ $V WKH QXPEHU RI FORXG LQVWDQFHV LQFUHDVHG WKH
SL[HOEDVHG WUDLQLQJ DFFXUDF\ GHJUDGHG EXW WKH  GD\ %$7 PHWKRG VKRZHG D
VWHDG\ UHODWLRQVKLS ZLWK WKH FORXG IUHH EULJKWQHVV WHPSHUDWXUHV XS WR  FORXG
DIIHFWHG UHWXUQV ZLWK D PRUH JUDGXDO ORVV RI DFFXUDF\ RQ KHDYLO\ FORXG DIIHFWHG
GD\V 7KH  GD\ %$7 PHWKRG VKRZHG D VLPLODU SHUIRUPDQFH G\QDPLF ZLWK DQ
DSSUR[LPDWH  ORVV LQ DFFXUDF\ XS WR WKH SRLQW ZKHUH DFFXUDWH WHPSHUDWXUH
GHWHUPLQDWLRQ EHFDPH GLIILFXOW > 50 FORXGV
7KH FRQWH[WEDVHG WHPSHUDWXUH GHULYDWLRQ DSSHDUV WR SHUIRUP HVSHFLDOO\ ZHOO
UHJDUGOHVV RI WKH QXPEHU RI RXWOLHUV HQFRXQWHUHG LQ WKH WHPSHUDWXUH GDWDVHW 7KLV
LV PDLQO\ GXH WR WKH VSDWLDO DXWRFRUUHODWLRQ RI FORXG DQG ZHDWKHU HIIHFWV ZKLFK
VHH FRQWH[WXDO EDVHG WHPSHUDWXUHV FORVHO\ WUDFN DQRPDORXV WHPSHUDWXUH DV PHD
VXUHG LQ HDFK SL[HO UDWKHU WKDQ WUDFNLQJ WKH EDVH PRGHO RI XSZHOOLQJ UDGLDWLRQ
ZLWKRXW DQRPDO\ &RPSDULVRQ LV DOVR LQKLELWHG E\ WKH LQVWDQFH RI D FRQWH[WXDO
WHPSHUDWXUH QRW EHLQJ DYDLODEOH ZKLFK LV PRUH OLNHO\ DW WLPHV ZKHUH DQRPDOLHV
ZRXOG EH GHWHFWHG
)LJXUH  GHPRQVWUDWHV VRPH H[DPSOHV RI WKH ILWWLQJ SURFHVV RYHU D IHZ RI WKH
UDQGRP SL[HOV VHOHFWHG )LJXUH D VKRZV WKH W\SLFDO SHUIRUPDQFH RI HDFK WHP
SHUDWXUH HVWLPDWLRQ WHFKQLTXH RQ D FOHDU VN\ GD\ ZLWK WKH ILWWHG FXUYHV IURP WKH
%$7 VKRZLQJ JUHDWHVW YDULDQFH IURP WKH UDZ WHPSHUDWXUHV GXULQJ WKH QLJKWWLPH
SHULRG DQG DW WKH SHDN RI WKH GD\ 7KH SL[HO EDVHG WUDLQLQJ GDWD LV EHWWHU DEOH
WR KDQGOH WUDFNLQJ RI EULJKWQHVV WHPSHUDWXUH GXULQJ WKH GD\WLPH EXW DOVR VKRZV
VRPH YDULDQFH GXULQJ WKH QLJKW WR D OHVVHU H[WHQW )LJXUH E VKRZV DQ H[DPSOH RI
D GD\ ZLWK EHWZHHQ  DQG  FORXG LQVWDQFHV 7KLV ILJXUH VKRZV WKH ILWWLQJ FXUYHV
IURP ERWK RI WKH %$7 GDWDVHWV HIIHFWLYHO\ LJQRULQJ WKH FORXG LQGXFHG DQRPDOLHV LQ


 $ %URDG$UHD 0HWKRG IRU WKH 'LXUQDO &KDUDFWHULVDWLRQ RI 8SZHOOLQJ 0HGLXP :DYH
,QIUDUHG 5DGLDWLRQ
 $OJRULWKP (IILFLHQF\
7DEOH  VKRZV WKH DYHUDJH WLPH WDNHQ WR SHUIRUP WKH FRPSXWDWLRQV E\ HDFK RI
WKH WHPSHUDWXUH ILWWLQJ PHWKRGV IURP D SURFHVVHG SRRO RI  WDUJHW SL[HOV
7KH WLPH WDNHQ WR SURYLGH D WHPSHUDWXUH ILWWLQJ EDVHG RQ %$7 GDWD IRU D WKLUW\
GD\ SHULRG LV DSSUR[LPDWHO\ RQHWHQWK RI WKH WLPH WDNHQ WR GHULYH D VLPLODU ILW
WLQJ IURP WKH SL[HO GDWD 3DUW RI WKH LQFUHDVH LQ VSHHG FRPHV IURP SUHSURFHVVLQJ
RI WKH SL[HO WUDLQLQJ GDWD ZKLFK WDNHV DSSUR[LPDWHO\  PLQXWHV SHU GD\ RI LP
DJHV 7KH GLIIHUHQFH EHWZHHQ WKH SL[HOEDVHG DQG EORFNEDVHG PHWKRGV FRLQFLGH
DW DURXQG  SL[HOV HYDOXDWHG ZLWK WKH EORFNEDVHG PHWKRG SHUIRUPLQJ VLJQLI
LFDQWO\ IDVWHU EH\RQG WKLV 7KH SUHSURFHVVHG EORFNV FDQ DOVR EH XVHG LQ FDOFX
ODWLRQV IRU WUDLQLQJ GDWD LQ DGMDFHQW WLPH SHULRGV ± RU  GD\V IURP WKH VWDUW
WLPH RI WKH RULJLQDO DVVHVVPHQW VSHHGLQJ XS VXEVHTXHQW SURFHVVLQJ IXUWKHU 7KH
ODUJHVW LPSURYHPHQW LQ WLPH RI SURFHVVLQJ EHWZHHQ WKH WZR PHWKRGV LV ZLWK UH
JDUG WR DFTXLULQJ GDWD DERXW WKH VWDWH RI FORXG LQ WKH WUDLQLQJ GDWD SHULRG ZKHUH
HYDOXDWLQJ WKH VXLWDELOLW\ RI K SHULRGV XVLQJ WKH FORXG PDVN GDWD PDNHV XS
RYHU  RI WKH WLPH WDNHQ WR SURFHVV D VROXWLRQ XVLQJ WKLV PHWKRG
h#H2 jXj, &RPSDULVRQ RI WLPH WDNHQ WR SURYLGH D WHPSHUDWXUH ILWWLQJ XVLQJ WKH SL[HOEDVHG
WUDLQLQJ WHFKQLTXH DQG WKH %$7 ILWWLQJ SURFHVV
)LWWLQJ 7HFKQLTXH 7LPH 7DNHQ VHFV
%$7 3UHSURFHVVLQJ  PLQVGD\
%$7  GD\V 
%$7  GD\V 
3L[HOEDVHG 6DPSOLQJ FORXG VWDWLVWLFV 
7UDLQLQJ 	 ILWWLQJ 
7RWDO WLPH 
7KH WLPH WDNHQ WR FDOFXODWH D ILWWLQJ IURP WKH  GD\ %$7 GDWD LV HYHQ VKRUWHU
WDNLQJ DURXQG  DV ORQJ DV WKH WKLUW\ GD\ %$7 PHWKRG $ VLJQLILFDQW LPSURYH
PHQW LQ SURFHVVLQJ WLPH FDQ EH DFKLHYHG IRU D VPDOO GHFUHDVH LQ DFFXUDF\ FRP
SDUHG WR WKH ILWWLQJ SURYLGHG E\ WKH  GD\ %$7 GDWD 7KLV LV RI LPSRUWDQFH LQ
VLWXDWLRQV ZKHUH SURFHVVLQJ WLPH PD\ EH PRUH FULWLFDO WKDQ DFFXUDF\
 7UDLQLQJ 'DWD $YDLODELOLW\
7UDLQLQJ GDWD EORFNV ZHUH GHULYHG IRU WKH HQWLUHW\ RI WKH $XVWUDOLDQ FRQWLQHQW IRU
WKH PRQWKV RI 2FWREHU DQG 1RYHPEHU  IURP  DQG  $+, %DQG 
LPDJHV UHVSHFWLYHO\ %ORFN PHWKRG WUDLQLQJ GDWD ZDV GHHPHG DYDLODEOH ZKHQ DW
OHDVW RQH SL[HO EULJKWQHVV WHPSHUDWXUH LQ D ◦ EORFN ZDV REVHUYHG DERYH  .
8VLQJ WKH %$7 PHWKRG WUDLQLQJ GDWD DYDLODELOLW\ IRU WKH FRQWLQHQW DYHUDJHG 
RI DOO LPDJHV IRU 2FWREHU DQG  RI DOO LPDJHV IRU 1RYHPEHU 7KLV FRPSDUHG

 'LVFXVVLRQ
WR WKH SL[HOEDVHG PHWKRG ZKLFK \LHOGHG  RI GDWD LQ 2FWREHU DQG  RI
GDWD LQ 1RYHPEHU *LYHQ WKH DVVXPSWLRQ WKDW D PLQLPXP RI WHQ GD\V RI WUDLQLQJ
GDWD LV VXIILFLHQW WR GHULYH D '7&  RI EORFNV GHPRQVWUDWH D VXIILFLHQW QXP
EHU RI FOHDU GD\V WR GHULYH WUDLQLQJ GDWD LQ 2FWREHU DQG  LQ 1RYHPEHU ,Q
FRPSDULVRQ WKH SL[HO EDVHG WUDLQLQJ PHWKRG VXSSOLHV VXIILFLHQW GD\V RI WUDLQLQJ
GDWD WR D SL[HO LQ  RI FDVHV LQ 2FWREHU DQG  RI FDVHV LQ 1RYHPEHU )URP
DQ DYDLODELOLW\ VWDQGSRLQW WKH EORFN EDVHG PHWKRG RI WUDLQLQJ GDWD GHULYDWLRQ LV
D PDUNHG LPSURYHPHQW RYHU SL[HOEDVHG PHWKRGV DQG D VLJQLILFDQW DPRXQW RI
UHGXQGDQW GDWD RQ HDFK OLQH RI EORFNV H[WHQGV WKLV DYDLODELOLW\ IXUWKHU
)LJXUH  VKRZV WKH VSDWLDO GLVWULEXWLRQ RI WUDLQLQJ GDWD DYDLODELOLW\ RYHU WKH
VWXG\ DUHD IRU 2FWREHU DQG 1RYHPEHU 7KH ILJXUH GHPRQVWUDWHV WKH RYHUDOO LQ
FUHDVH LQ WUDLQLQJ GDWD DYDLODELOLW\ ZKHQ XVLQJ WKH %$7 PHWKRG $UHDV RI OLPLWHG
DYDLODELOLW\ GHPRQVWUDWHG VLPLODULW\ LQ VSDWLDO GLVWULEXWLRQ EHWZHHQ WKH WZR PHWK
RGV ZLWK VRXWK HDVWHUQ $XVWUDOLD DQG 7DVPDQLD LQ SDUWLFXODU VXIIHULQJ IURP D ODFN
LQGHHG LQ VRPH DUHDV D WRWDO DEVHQFH RI SL[HOEDVHG WUDLQLQJ GDWD IRU WKH HYDOXD
WLRQ SHULRG ,Q FRPSDULVRQ WKH PDMRULW\ RI EORFNV UHWDLQHG DYDLODELOLW\ IRU WKH UH
TXLUHG WLPH GXULQJ WKH SHULRG ZLWK VRPH GHWHULRUDWLRQ LQ FRDVWDO DUHDV 7KH %$7
PHWKRG GHPRQVWUDWHV D VLJQLILFDQW LPSURYHPHQW LQ WHPSHUDWXUH ILWWLQJ DELOLW\
HVSHFLDOO\ LQ WKH KLJKO\ SRSXODWHG FRDVWDO DUHDV LQ WKH VRXWK DQG HDVW RI $XVWUDOLD
 'LVFXVVLRQ
7KH DGYDQWDJHV RI XVLQJ WKH %$7 PHWKRG IRU GHULYLQJ WUDLQLQJ GDWD IRU WHPSHU
DWXUH ILWWLQJ LQFOXGH UREXVWQHVV DJDLQVW ORFDOLVHG FORXG HVSHFLDOO\ LQ DUHDV ZLWK
SHUVLVWHQW VWDQGLQJ FORXG VXFK DV FRDVWV DQG PRXQWDLQRXV DUHDV WKH DELOLW\ WR
PLQLPLVH WKH QXPEHU RI WUDLQLQJ GD\V UHTXLUHG IRU GHULYLQJ D EULJKWQHVV WHPSHU
DWXUH ILWWLQJ GXH WR WKH LQFUHDVHG DYDLODELOLW\ RI WUDLQLQJ GDWD DQG D UHGXFWLRQ LQ
WKH VWRUDJH RI GDWD DQG SURFHVVLQJ WLPH RI WUDLQLQJ GDWD IRU WHPSHUDWXUH ILWWLQJ
:KLOVW LQ WKLV VWXG\ WKH WUDLQLQJ GDWD LV XVHG WR IHHG DQ 69' ILWWLQJ RI WKH '7& WKH
GDWD FRXOG HDVLO\ EH DSSOLHG WR RWKHU ILWWLQJ WHFKQLTXHV VXFK DV D UDQGRP IRUHVW
FODVVLILHU RU DV D VWDWH YHFWRU IRU .DOPDQ ILOWHULQJ 7KH QDWXUH RI WKH ILWWLQJ SUR
FHVV UHPRYHV WKH QHHG IRU WUDFNLQJ ORFDWLRQV WKDW KDYH VWDQGLQJ KRWVSRWV DV WKH
ILWWLQJ SURFHVV LV FRPSOHWHO\ FRQWH[W LQGHSHQGHQW DQG HOLPLQDWHV HUURUV WKDW PD\
EH FDXVHG E\ ODUJH YDULDWLRQV LQ UHVSRQVH WR VRODU UDGLDWLRQ DQG HPLVVLRQ EHWZHHQ
DGMDFHQW SL[HOV $V WKH EURDG DUHD PHWKRG UHOLHV RQ DV IHZ DV RQH FORXGIUHH SL[HO
SHU EORFN IURP ZKLFK WR GHULYH D PHGLDQ WHPSHUDWXUH WKH PHWKRG LV IDU PRUH UR
EXVW LQ UHVSRQVH WR RFFOXVLRQ WKDQ WKH SL[HOEDVHG PHWKRG :KHQ EDQNV RI FORXG
DVVRFLDWHG ZLWK ODUJH ZHDWKHU V\VWHPV DUH SUHVHQW D VLQJOH EORFN PD\ EH WRWDOO\
FRYHUHG E\ FORXG LQ RQH RU VHYHUDO LPDJHV +RZHYHU WKH UHGXQGDQF\ DVVRFLDWHG


 'LVFXVVLRQ
HIIHFW RQ WKH WUDLQLQJ GDWD IRU WKH VDPH WLPH SHULRG
7KH TXDOLW\ RI WKH WUDLQLQJ GDWD XVHG LQ WKH SURFHVV UHOLHV RQ D FRXSOH RI IDF
WRUV )RU H[DPSOH WKH ZLGWK RI WKH ORQJLWXGLQDO VZDWK DW DQ\ JLYHQ ODWLWXGH LV
DIIHFWHG E\ WKH DPRXQW RI JURXQG DYDLODEOH WR VDPSOH WKDW VZDWK ,Q $XVWUDOLD
ODWLWXGHV EHWZHHQ ◦6²◦6 KDYH WKH IXOO ZLGWK RI WKH FRQWLQHQW WR VDPSOH WHP
SHUDWXUHV IURP ZLWK DQ\ZKHUH XS WR  EORFNV RI GDWD SHU LPDJH 7KLV SURYLGHV
D ODUJH DPRXQW RI UHGXQGDQF\ LQ WKH WUDLQLQJ GDWD UHGXFLQJ WKH DIIHFW RI RXWOLHUV
LQ WKH WUDLQLQJ VHW ,Q FRQWUDVW D VPDOOHU VZDWK ZLGWK UHVXOWV LQ IHZHU EORFNV WR
IRUPXODWH WKH WUDLQLQJ GDWD ZLWK D JUHDWHU ULVN RI DQRPDORXV UHWXUQV DIIHFWLQJ WKH
UHVXOWDQW ILWWLQJ SURFHVVHV $ VPDOOHU VZDWK ZLGWK DOVR LQFUHDVHV WKH LQIOXHQFH RI
HGJH FDVHV VXFK DV FRDVWOLQHV ZKLFK WHQG WR PRGHUDWH ODQG VXUIDFH WHPSHUDWXUH
YDULDQFH LI WKH\ DUH QRW KDQGOHG E\ DQ DGHTXDWH RFHDQPDVN $ EXIIHU RI WZR SL[HOV
EHWZHHQ  DQG  NP ZDV XVHG WR HOLPLQDWH WKHVH HGJH FDVHV IRU RFHDQ ERXQGDULHV
EXW ZDWHU ERGLHV VXFK DV ODNHV DQG UHVHUYRLUV PD\ DOVR FRQWULEXWH WR HUURQHRXV
WUDLQLQJ GDWD LI WKH QXPEHU RI EORFNV XVHG IRU WUDLQLQJ GDWD LV ORZ 'LVFRQWLQXRXV
DQG LQDGHTXDWH DUHDV WR GHULYH WUDLQLQJ GDWD IURPPD\ SURYH D FKDOOHQJH DQG HYDO
XDWLQJ WKH SHUIRUPDQFH RI WKH %$7 PHWKRG LQ D UHJLRQ OLNH ,QGRQHVLD ZKHUH FORXG
FRYHU LV KLJK DQG ODQG DUHDV DUH GLVFRQWLQXRXV ZRXOG SURSHUO\ WHVW WKH OLPLWV RI
WKH PHWKRG
'HULYLQJ WUDLQLQJ GDWD XVLQJ WKH %$7 PHWKRG LV QRW ZLWKRXW LWV LVVXHV 7KH
PHWKRG LQYROYHV WKH XVH RI D PHGLDQ YDOXH IRU WKH HQWLUHW\ RI D ◦ × ◦ EORFN
ZLWKRXW WDNLQJ LQWR DFFRXQW IDFWRUV VXFK DV ODQG FRYHU ODQG XVH W\SH VORSH DQG
DVSHFW DQG VXUIDFH HPLVVLYLW\ DOO YDULDEOHV WKDW FDQ YDU\ VLJQLILFDQWO\ EHWZHHQ
SL[HOV LQ D EORFN 7KH DSSOLFDWLRQ RI WKH WUDLQLQJ GDWD EDFN WR WKH SL[HO EULJKWQHVV
WHPSHUDWXUH XVLQJ WKH 69' SURFHVV DOVR RPLWV FRQVLGHUDWLRQ RI GLIIHULQJ DOEHGR
EHWZHHQ DGMDFHQW SL[HOV LQ D EORFN 7KHVH LVVXHV PD\ ERWK EH UHVROYHG E\ XVLQJ
D ZHLJKW IURP HDFK SL[HO DW GLIIHUHQW WLPHV RI WKH GD\ WR WDNH LQWR DFFRXQW WKH
GLIIHULQJ HPLVVLYLW\ DQG UHIOHFWLRQ DQG KRZ WKH\ DIIHFW WKH '7& RI HDFK ORFDWLRQ
7KH WUDLQLQJ GDWDVHW DOVR KDV D PLQLPXP FXWRII WHPSHUDWXUH RI  . WR PLQLPLVH
WKH LQIOXHQFH RI FORXG DIIHFWLQJ WKH WUDLQLQJ GDWD LQ OLHX RI DQ RSHUDWLRQDO FORXG
PDVN ZKLFK PD\ SURGXFH ODUJH DUHDV RI PLVVLQJ GDWD LQ SODFHV ZKHUH VXUIDFH
WHPSHUDWXUH DQG UHIOHFWLRQ FRPSRQHQWV VLW XQGHU WKLV YDOXH IRU ORQJ SHULRGV RI
WLPH ,I D PHWKRG VXFK DV WKLV LV XVHG WR WUDFN VXUIDFH XSZHOOLQJ UDGLDWLRQ LQ DUHDV
WKDW KDYH VXVWDLQHG EULJKWQHVV WHPSHUDWXUHV EHORZ  . D FORXG PDVN FRXOG EH
VXEVWLWXWHG LQ WKLV FDVH WR HOLPLQDWH PDMRU RXWO\LQJ WHPSHUDWXUHV LQVWHDG 7KH
HIIHFW RI VQRZ RQ EULJKWQHVV WHPSHUDWXUH WUDFNLQJ XVLQJ WKLV PHWKRG KDV QRW
EHHQ H[SORUHG PDLQO\ GXH WR WKH VWXG\ VLWH DQG WLPH RI \HDU FKRVHQ
&RQVLGHULQJ WKH HYDOXDWLRQ RI WKH YDULRXV PHWKRGV IRU DFFXUDF\ RI ILWWLQJ WKH
EORFNEDVHG WUDLQLQJ GDWD EDVHG XSRQ WKLUW\ SUHYLRXV GD\V SHUIRUPHG UHDVRQDEO\
ZHOO IRU ILWWLQJ DFFXUDF\ LQ FRPSDULVRQ WR WKH SL[HOEDVHG WUDLQLQJ GDWD IRU DOO

 $ %URDG$UHD 0HWKRG IRU WKH 'LXUQDO &KDUDFWHULVDWLRQ RI 8SZHOOLQJ 0HGLXP :DYH
,QIUDUHG 5DGLDWLRQ
DQRPDO\ FODVVLILFDWLRQV DQG WKH UHVXOWV GHULYHG IURP WKH  GD\ EORFN WUDLQLQJ
GDWD ZHUH RI VLPLODU DFFXUDF\ ,I D WKUHVKROG IRU VXLWDELOLW\ RI ILWWLQJ LV SODFHG
RQ WKH UHVXOWV VXFK DV ZRXOG EH IRU D ILUH GHWHFWLRQ PRGHO WKH  GD\ EORFN
EDVHG PHWKRG LV IDU PRUH UREXVW ZLWK UHVSHFW WR DQRPDOLHV DQG ZRXOG FRQWLQXH
WUDFNLQJ WKH H[SHFWHG XSZHOOLQJ UDGLDWLRQ ZLWK XS WR RQH TXDUWHU RI WKH WLPH VH
ULHV REVFXUHG $ IXOO VHQVLWLYLW\ DQDO\VLV XVLQJ LQVLWX XSZHOOLQJ UDGLDWLRQ GDWD
DORQJ ZLWK D YHULILHG FORXG PDVN ZRXOG EH RI YDOXH WR FRQILUP WKH VKDSH RI WKH
GLXUQDO PRGHO LQ RUGHU WR SURYLGH DQ LQGHSHQGHQW FRQILUPDWLRQ RI WKH PHWKRG·V
DFFXUDF\ 2I QRWH KHUH LV WKH DSSDUHQWO\ H[WUHPHO\ JRRG SHUIRUPDQFH RI WKH FRQ
WH[WXDO PHWKRG IRU SURYLGLQJ EDFNJURXQG WHPSHUDWXUH ZKLFK LV DQ XQIRUWXQDWH
VLGH HIIHFW RI PHWKRGV IRU HYDOXDWLQJ WKH DFFXUDF\ RI WKH PRGHO ILWWLQJ SURFHVV
7KH KLJK VSDWLDO DXWRFRUUHODWLRQ GHPRQVWUDWHG E\ XSZHOOLQJ UDGLDWLRQ UHVXOWV LQ D
FRQWH[WXDO EDVHG WHPSHUDWXUH WUDFNLQJ H[WUHPHO\ FORVHO\ WR WKH UDZ WHPSHUDWXUH
PHDVXUHPHQWV UHJDUGOHVV RI ZKHWKHU WKH VXUURXQGV WKHPVHOYHV DUH DIIHFWHG E\
DQRPDOLHV VXFK DV FORXG VPRNH RU ILUH
:KLOVW WKH DFFXUDF\ RI WKH ILWWLQJ PHWKRG XVHG LQ WKLV VWXG\ IRU GD\V RI OLP
LWHG WKHUPDO DQRPDOLHV LV TXLWH JRRG WKH DFFXUDF\ RI ILWWLQJ SURYLGHG E\ WKH 69'
SURFHVV EUHDNV GRZQ RQFH D ODUJH QXPEHU RI DQRPDOLHV DUH HQFRXQWHUHG LQ WKH
ILWWHG GDWD 7KLV EHKDYLRXU ZKLFK PDQLIHVWV LQ WKH W\SH RI ´ZDQGHULQJµ FXUYHV
GLVSOD\HG LQ )LJXUH F LV FDXVHG LQ SDUW E\ WKH VWDQGDUGLVDWLRQ SURFHVV DSSOLHG
WR SL[HO EULJKWQHVV WHPSHUDWXUHV ZKHUH VLJQLILFDQW QXPEHUV RI FORXG LQFLGHQFHV
HVSHFLDOO\ IURP WKLFN FROG FORXGV FDQ DFW WR GURS WKH PHDQ DQG LQFUHDVH WKH VWDQ
GDUG GHYLDWLRQ RI WHPSHUDWXUHV DFURVV WKH ILWWHG SHULRG 7KLV DIIHFWV WKH LQLWLDO
HVWLPDWLRQ JLYHQ IURP WKH 69' SURFHVV WR WKH SRLQW ZKHUH WKH RXWOLHU HOLPLQDWLRQ
SURFHVV GLVUHJDUGV FRUUHFW WHPSHUDWXUH PHDVXUHPHQWV E\ PLVWDNH 2QH RI WKH
OLPLWDWLRQV RI XVLQJ WKH 69' ILWWLQJ PHWKRG LV WKDW RXWO\LQJ PHDVXUHPHQWV LQ WKH
UDZ EULJKWQHVV WHPSHUDWXUHV FDQQRW EH HDVLO\ HOLPLQDWHG IURP WKH IXQFWLRQ HYDOX
DWLRQ :KLOVW DSSO\LQJ D PRUH ULJRURXV FORXG PDVN RU GHULYLQJ D VWDQGDUG PRGHO
IRU EULJKWQHVV WHPSHUDWXUHV DW D JLYHQ ORFDWLRQ DQG GDWH FRXOG EH ZD\V RI HOLP
LQDWLQJ WKLV PDLQO\ ORZ WHPSHUDWXUH ELDVLQJ LQYHVWLJDWLRQ RI RWKHU PHWKRGV IRU
DSSO\LQJ WKH WUDLQLQJ GDWD IRU WHPSHUDWXUH ILWWLQJ VKRXOG EH D SULRULW\
2YHUDOO WKH %$7PHWKRG GHVFULEHG LQ WKLV SDSHU SHUIRUPHG DGHTXDWHO\ IURP DQ
DFFXUDF\ VWDQGSRLQW EXW WKH UHDO EHQHILWV RI WKH PHWKRG OLH LQ WKH LPSURYHPHQWV
LQ SURFHVVLQJ WLPH DQG DYDLODELOLW\ 7KH %$7 PHWKRG SURFHVVHG DQ LQGLYLGXDO ILW
WLQJ DW DERXW WHQ WLPHV WKH VSHHG RI WKH SL[HOEDVHG WUDLQLQJ GDWD PHWKRG PRVWO\
GXH WR WKH ODFN RI QHHG IRU FORXG PDVN HYDOXDWLRQ RI WKH WUDLQLQJ GDWD YHFWRUV
SULRU WR ILWWLQJ 7KLV LVVXH ZLWK WKH SL[HOEDVHG WUDLQLQJ PHWKRG FRXOG EH DOOHYL
DWHG VRPHZKDW E\ VPDOOHU ILOH VL]HV DV WKH PDMRU LVVXH ZLWK SURFHVVLQJ RI WKH
SL[HO WUDLQLQJ VHHPV WR EH WKH EXONLQHVV RI FORXG GDWD SURGXFHG IRU WKLV VHQVRU
W\SLFDO ILOH VL]HV IRU WKH $+, FORXG SURGXFW DUH DSSUR[LPDWHO\ ² 0% *LYHQ

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WKH WHQ GD\ %$7 PHWKRG SHUIRUPHG VLPLODUO\ WR WKH SL[HOEDVHG WUDLQLQJ PHWKRG
IRU WHPSHUDWXUH DFFXUDF\ XVLQJ WKLV GDWD VHW LQVWHDG RI WKH WKLUW\ GD\ EORFN WUDLQ
LQJ VHW FRXOG EH MXVWLILHG LQ VLWXDWLRQV ZKHUH SURFHVVLQJ WLPH RI ODUJH LPDJH VHWV
LV RI JUHDWHU LPSRUWDQFH WKDQ H[WUHPH DFFXUDF\ HVSHFLDOO\ ZKHQ XVHG IRU LQLWLDO
DQRPDO\ GHWHFWLRQ SXUSRVHV
)URP D ILWWLQJ DYDLODELOLW\ VWDQGSRLQW WKH %$7 PHWKRG VLJQLILFDQWO\ LQFUHDVHV
WKH GLVWULEXWLRQ RI DUHDV WKDW DUH DEOH WR KDYH D WHPSHUDWXUH ILWWLQJ DSSOLHG WR
WKHP ,Q FRPSDULVRQ WR SL[HOEDVHG PHWKRGV WKH LQFUHDVH RI ILWWLQJ DYDLODELOLW\ LV
HVSHFLDOO\ PDUNHG LQ DUHDV VXFK DV WKH HDVW DQG VRXWK HDVW FRDVWV DQG WKH LVODQG
RI 7DVPDQLD 7KHVH DUHDV DUH KHDYLO\ SRSXODWHG LQ FRPSDULVRQ WR PXFK RI WKH
$XVWUDOLDQ FRQWLQHQW DQG DUH DW VLJQLILFDQW ULVN IURP UDSLGO\ FKDQJLQJ HYHQWV
VXFK DV ILUH DQG IORRG 7KH H[WHQGHG XWLOLW\ DQG DSSOLFDWLRQ RI WKH %$7 PHWKRG
ZLOO EH RI JUHDW LQWHUHVW WR ODQG PDQDJHPHQW DXWKRULWLHV LQ WKHVH DUHDV
7KH %$7 PHWKRG IRUPXODWHG LQ WKLV SDSHU LV GHVLJQHG VSHFLILFDOO\ IRU WKH SUR
FHVV RI SURYLGLQJ GDWD WR LQIRUP ILWWLQJ SURFHVVHV IRU SRVLWLYH WKHUPDO DQRPDO\
GHWHFWLRQ VXFK DV IRU ILUH GHWHFWLRQ $Q HQKDQFHG XQGHUVWDQGLQJ RI EDFNJURXQG
WHPSHUDWXUH EHKDYLRXU LQ WKH 0:,5 VSDFH FRXOG OHDG WR LPSURYHPHQWV LQ WKH GH
WHUPLQDWLRQ RI ILUH GHWHFWLRQ WKUHVKROGV SRWHQWLDOO\ OHDGLQJ WR GHOLQHDWLRQ RI ILUH
WKUHVKROGV XVLQJ WLPH RI GD\ ODWLWXGH DQG VRODU DVSHFW DORQJ ZLWK D JUHDWHU XQ
GHUVWDQGLQJ RI KRZ WKH PL[ RI VRODU UHIOHFWLRQ DQG WKHUPDO HPLVVLRQ LQ D SL[HO
FRQWULEXWHV WR WKH PLQLPXP GHWHFWDEOH FKDUDFWHULVWLFV RI D ILUH IURP D SDUWLFXODU
VHQVRU $SSOLFDWLRQV RI WKLV WHFKQLTXH FRXOG DOVR ORRN WR SURYLGH RQJRLQJ PRQL
WRULQJ RI ILUHV XVLQJ PHWULFV VXFK DV DUHD WHPSHUDWXUH DQG ILUH UDGLDWLYH SRZHU
XWLOLVLQJ WKH LPSURYHG HVWLPDWLRQ RI WKLV EDFNJURXQG WHPSHUDWXUH
,Q DGGLWLRQ WR LPSURYHPHQWV LQ WKH ILUH GHWHFWLRQ VSDFH WKLV PHWKRG FRXOG
KDYH DSSOLFDWLRQV LQ D QXPEHU RI RWKHU ILHOGV WKDW UHTXLUH FKDQJH GHWHFWLRQ RYHU
D VKRUW SHULRG RI WLPH /LNHO\ DSSOLFDWLRQV FRXOG VHH DJJUHJDWLRQ RI GDWD EDVHG
XSRQ ODQG FRYHU FODVVLILFDWLRQ DORQJ ZLWK ORFDO VRODU WLPH DQG ODWLWXGH WR SURYLGH D
EDVHOLQH IRU PDSSLQJ VRLO GU\QHVV FKDQJHV RU IRU WUDFNLQJ WKH VSUHDG DQG VHYHULW\
RI SKHQRPHQD VXFK DV IORRGLQJ DQG YROFDQLF DFWLYLW\ IURP JHRVWDWLRQDU\ LPDJHU\
 &RQFOXVLRQV
7KLV VWXG\ GHPRQVWUDWHV WKH IRUPXODWLRQ RI D EURDGDUHD WUDLQLQJ GDWD GHULYD
WLRQ PHWKRG IRU WHPSHUDWXUH ILWWLQJ IRU HVWLPDWLRQ RI WKH EDFNJURXQG WHPSHU
DWXUH RI D SL[HO PHDVXUHG E\ D JHRVWDWLRQDU\ VHQVRU ZKLOVW REVFXUHG E\ FORXG
VPRNH RU ILUH ,Q FRPSDULVRQ WR SL[HOEDVHG PHWKRGV RI GHULYLQJ WUDLQLQJ GDWD IRU
WHPSHUDWXUH ILWWLQJ WKH %$7 LPSURYHV ILWWLQJ UHVLOLHQFH GXULQJ SHULRGV RI OLJKW
WR PHGLXP REVFXUDWLRQ ZLWK ILWWLQJ HUURUV UHGXFHG E\ PRUH WKDQ  RQ GD\V

 $ %URDG$UHD 0HWKRG IRU WKH 'LXUQDO &KDUDFWHULVDWLRQ RI 8SZHOOLQJ 0HGLXP :DYH
,QIUDUHG 5DGLDWLRQ
ZLWK EHWZHHQ  DQG  REVFXUHG LQVWDQFHV XVLQJ WKLUW\ GD\V RI WUDLQLQJ GDWD
7KH %$7 PHWKRG DOVR GHPRQVWUDWHV VLJQLILFDQW LPSURYHPHQW LQ SURFHVVLQJ WLPHV
FRPSDUHG WR SL[HOEDVHG WUDLQLQJ PHWKRGV HVSHFLDOO\ ZKHQ GHDOLQJ ZLWK D ODUJH
QXPEHU RI ILWWLQJV RYHU VLPLODU WLPHIUDPHV 7KH XVH RI WKH %$7 PHWKRG DOVR LQ
FUHDVHV WKH DYDLODELOLW\ RI WUDLQLQJ GDWD IRU ILWWLQJ SXUSRVHV ZLWK ILWWLQJ DYDLODELOLW\
LQFUHDVLQJ WR EHWZHHQ  DQG  IRU WKH WLPH SHULRG FRYHUHG E\ WKLV VWXG\ FRP
SDUHG WR DSSUR[LPDWHO\  DYDLODELOLW\ IURP SL[HOEDVHGPHWKRGV 7KLV LPSURYHG
DYDLODELOLW\ RI WUDLQLQJ GDWD ZLOO DVVLVW LQ WDVNV UHODWHG WR WKH DFFXUDWH XQGHUVWDQG
LQJ RI EDFNJURXQG XSZHOOLQJ UDGLDWLRQ VXFK DV LQ ILUH GHWHFWLRQ DQG PRQLWRULQJ
 7KHVLV &RQWH[W
7KLV FKDSWHU LQWURGXFHG WKH %URDG $UHD 7UDLQLQJ PHWKRG RI GLXUQDO ILWWLQJ IRU
EULJKWQHVV WHPSHUDWXUH HVWLPDWLRQ 7KH ZRUN ZKLFK ZDV D YDULDQW RI D PHWKRG
LPSOHPHQWHG E\ >@ GHPRQVWUDWHG FRPSDULVRQV LQ FRYHUDJH DQG DYDLODELOLW\ RI
HVWLPDWLRQV LQ FRPSDULVRQ WR WKDW PHWKRG RI GLXUQDO ILWWLQJ 7KH QH[W FKDSWHU
WDNHV WKHVHPRGHO ILWWLQJ HVWLPDWHV RI EULJKWQHVV WHPSHUDWXUH DQG DSSOLHV WKHP WR
D WKHRUHWLFDO ILUH GHWHFWLRQ LPSOHPHQWDWLRQ ZLWK FRPSDULVRQV WR RWKHU FRPPRQO\
XVHG ILUH SURGXFWV

$GYDQFHV LQ $FWLYH )LUH 'HWHFWLRQ
8VLQJ D 0XOWL7HPSRUDO 0HWKRG IRU
1H[W*HQHUDWLRQ *HRVWDWLRQDU\
6DWHOOLWH 'DWD

 $GYDQFHV LQ $FWLYH )LUH 'HWHFWLRQ 8VLQJ D 0XOWL7HPSRUDO 0HWKRG IRU
1H[W*HQHUDWLRQ *HRVWDWLRQDU\ 6DWHOOLWH 'DWD
 ,QWURGXFWLRQ
:LOGILUHV DUH D PDMRU FDWDO\VW IRU FKDQJH LQ WKH HQYLURQPHQW FUHDWLQJ HVVHQ
WLDO HQYLURQPHQWDO GLVWXUEDQFH WR DVVLVW QDWXUDO YHJHWDWLRQ F\FOHV DQG GLVUXSWLYH
FKDQJH ZLWK LQWHQVH ILUHV FDXVLQJ GDPDJH WR ERWK SURSHUW\ DQG WKH HQYLURQPHQW
>@ :LWK WKH LQFUHDVHG SURSHQVLW\ WRZDUGV PRUH LQWHQVH ILUHV GXH WR WKH LQ
FUHDVHG GU\LQJ RI IXHOV DQG PRUH H[WUHPH ZHDWKHU FRQGLWLRQV >@ LW LV RI YLWDO
LPSRUWDQFH WR EH DEOH WR GHWHFW ZLOGILUHV DV HDUO\ DV SRVVLEOH LQ RUGHU WR GULYH
SRWHQWLDO PLWLJDWLRQ VWUDWHJLHV PLQLPLVH WKH LPSDFW RI ILUHV RQ VWUDWHJLF DVVHWV
LQ WKH EXLOW HQYLURQPHQW DQG PD[LPLVH WKH WLPH DYDLODEOH WR LQIRUP WKH SXEOLF
RI LPSHQGLQJ ILUH DFWLYLW\ 8VLQJ VDWHOOLWH VHQVRUV IRU WKH GHWHFWLRQ RI ILUH KDV
SURYHQ DQ HIIHFWLYH ZD\ RI SURGXFLQJ LQIRUPDWLRQ DERXW WKH OLNHOLKRRG RI DFWLYH
ILUH DORQJ ZLWK SURYLGLQJ PHWULFV VXFK DV WKH VL]H DQG LQWHQVLW\ RI ILUH DFWLYLW\
>@
,Q RUGHU WR REWDLQ WLPHO\ LQIRUPDWLRQ DERXW ILUH LJQLWLRQ WKH XVH RI JHRVWD
WLRQDU\ VDWHOOLWHV WR SURYLGH LPDJHU\ WDNHV SULPDF\ RYHU ORZ HDUWK RUELWLQJ /(2
DFWLYH ILUH $) SURGXFWV VXFK DV WKRVH REWDLQHG IURP WKH 0RGHUDWH 5HVROXWLRQ
,PDJLQJ 6SHFWURUDGLRPHWHU 02',6 DQG WKH 9LVLEOH ,QIUDUHG ,PDJLQJ 5DGLRPHWHU
6XLWH 9,,56 VHQVRU V\VWHPV >@ :KLOVW WKH /(2 VHQVRUV KDYH DGYDQWDJHV RYHU
JHRVWDWLRQDU\ VDWHOOLWHV VXFK DV WKH UHGXFHG VHQVRU LQVWDQWDQHRXV ILHOGRIYLHZ
,)29 IURP WKHLU IDU ORZHU RUELWV ZKLFK PDNHV VPDOOHU ILUHV HDVLHU WR GHWHFW WKH
/(2 VHQVRUV DUH UHVWULFWHG LQ WKHLU DELOLW\ WR SURYLGH UDSLG WHPSRUDO XSGDWHV RI
DFWLYH ILUH LQIRUPDWLRQ GXH WR WKH OLPLWHG QXPEHU RI VHQVRU YLHZV RI D WDUJHW DUHD
LQ D  KRXU SHULRG >@ 7KLV OLPLW WR UHYLVLW WLPH PDNHV /(2 ILUH SURGXFWV SDU
WLFXODUO\ YXOQHUDEOH WR HUURUV RI RPLVVLRQ ZKHQ FORXG FRYHUV DQ DFWLYH ILUH GXULQJ
WKH VHQVRU RYHUSDVV DQG ZKHQ WKH HSKHPHUDO QDWXUH RI ILUH FDXVHV D GURS LQ ILUH
DFWLYLW\ FRLQFLGHQW ZLWK WKH LPDJH WLPH 7KHVH YXOQHUDELOLWLHV LQ ILUH GHWHFWLRQ DUH
RIIVHW E\ WKH XVH RI JHRVWDWLRQDU\ VHQVRUV ZKLFK FDQ XVH WKHLU VXSHULRU UHYLVLW
WLPH WR VDPSOH ILUH DFWLYLW\ GXULQJ JDSV LQ FORXG FRYHU DQG VPRNH DQG WR FDSWXUH
WKH FKDQJLQJ VWDWH RI DQ DFWLYH ILUH PRUH HIIHFWLYHO\ >@ *HRVWDWLRQDU\ VDWHOOLWHV
WR WKLV SRLQW LQ WLPH KDYH EHHQ HIIHFWLYH LQ WKH GHWHFWLRQ RI ODUJHU DUHD ILUHV EXW
KDYH VXIIHUHG IURP PDMRU RPLVVLRQ HUURUV ZKHQ ILUH VL]HV DUH VPDOO GXH WR WKH
ORZHU VSDWLDO DQG UDGLRPHWULF UHVROXWLRQ RI WKH JHRVWDWLRQDU\ VHQVRUV LQYROYHG
>@ ,Q RUGHU WR FDSWXUH ILUH LJQLWLRQ WLPH PRUH DFFXUDWHO\ D IRFXV RQ LPSURYLQJ
WKH FDSDELOLW\ RI GHWHFWLQJ WKHVH VPDOOHU ILUHV LV UHTXLUHG
:LWK WKH ODXQFK RI QHZ JHRVWDWLRQDU\ VDWHOOLWHV ZLWK VHQVRUV VXFK DV WKH $G
YDQFHG +LPDZDUL ,PDJHU $+, WKH JDS LQ DFWLYH ILUH DWWULEXWLRQ FDSDELOLW\ EHWZHHQ
7KLV FKDSWHU ZDV SXEOLVKHG LQ D SHHUUHYLHZHG MRXUQDO DV +DOO\ % :DOODFH / 5HLQNH
. -RQHV 6 	 6NLGPRUH $  $GYDQFHV LQ DFWLYH ILUH GHWHFWLRQ XVLQJ D PXOWLWHPSRUDO
PHWKRG IRU QH[WJHQHUDWLRQ JHRVWDWLRQDU\ VDWHOOLWH GDWD ,QWHUQDWLRQDO -RXUQDO RI 'LJLWDO (DUWK ²
KWWSVGRLRUJ

 ,QWURGXFWLRQ
JHRVWDWLRQDU\ VHQVRUV DQG WKH /(2 VHQVRUV LV GHFUHDVLQJ >@ 7KH $+, VHQVRU
ODXQFKHG RQERDUG WKH +LPDZDUL VDWHOOLWH LQ  E\ WKH -DSDQ 0HWHRURORJLFDO
$JHQF\ -0$ SURYLGHV HQKDQFHG FDSDELOLWLHV IRU ILUH GHWHFWLRQ LQ FRPSDULVRQ
ZLWK SUHYLRXV JHRVWDWLRQDU\ VHQVRUV ZLWK NP VSDWLDO UHVROXWLRQ DW QDGLU DQG DQ
LQFUHDVHG ELW TXDQWL]DWLRQ LQ WKH VHQVRU·V P EDQG  LQ FRPSDULVRQ WR SUH
YLRXV VHQVRUV LQ WKH DUHD 7KHVH HQKDQFHPHQWV PDNH WKH $+, VHQVRU WKHRUHWLFDOO\
FDSDEOH RI GHWHFWLQJ IDU VPDOOHU ILUHV ERWK LQ DEVROXWH VL]H DQG LQ ILUH UDGLDWLYH
SRZHU DQG WKHVH LPSURYHPHQWV KDYH EHHQ GHPRQVWUDWHG LQ LQLWLDO VWXGLHV EDVHG
XSRQ $+, GDWD VXFK DV WKRVH XQGHUWDNHQ LQ >@ >@ DQG >@ 7KH UHDO DGYDQ
WDJH RI XVLQJ JHRVWDWLRQDU\ VHQVRUV IRU ILUH GHWHFWLRQ LV WKH LQFUHDVHG WHPSRUDO
UHVROXWLRQ LQ FRPSDULVRQ WR /(2 VHQVRUV :KLOVW D VDWHOOLWH FRQVWHOODWLRQ VXFK DV
02',6 PD\ UHFRUG XS WR IRXU LPDJHV RI D ORFDWLRQ SHU GD\ VHQVRUV VXFK DV WKH
$+, DUH DEOH WR UHFRUG DW OHDVW  LPDJHV D GD\ RYHU WKH IXOO GLVN YLVLEOH IURP WKH
VHQVRU ORFDWLRQ ZLWK PXFK KLJKHU WHPSRUDO UHVROXWLRQ LQ $+,·V FDVH RYHU DUHDV
VXFK DV -DSDQ 7KLV KLJKHU UHYLVLW UDWH RI LPDJHU\ HQDEOHV RSSRUWXQLWLHV QRW MXVW
WR SURYLGH TXDVL UHDOWLPH GHWHFWLRQ FDSDELOLWLHV EXW DOVR DOORZV IRU XV WR JDLQ D
EHWWHU XQGHUVWDQGLQJ RI WKH FKDUDFWHULVWLF QDWXUH RI WKH HDUWK·V UHIOHFWDQFH DQG
HPLWWDQFH LQ WKH DOOLPSRUWDQW P UHJLRQ RI WKH HOHFWURPDJQHWLF VSHFWUXP
2I YLWDO LQWHUHVW WR DQ\ DWWHPSW WR GHWHFW DQG TXDQWLI\ ILUH DFWLYLW\ LQ D ORFDWLRQ
LV DQ DFFXUDWH HVWLPDWLRQ RI WKH ORFDWLRQ·V EDFNJURXQG WHPSHUDWXUH LQ WKH DEVHQFH
RI ILUH 7KH GLIIHUHQFH LQ WKH EDFNJURXQG DQG HOHYDWHG SL[HO WHPSHUDWXUH LV WKH
EDVLV RI PRVW KRWVSRW DOJRULWKPV VWDUWLQJ ZLWK WKH LQLWLDO ZRUN RQ VDWHOOLWH ILUH
GHWHFWLRQ E\ >@ ZKLFK OHDG WR FRPPRQO\ XVHG DFWLYH ILUH SURGXFWV VXFK DV WKH
02',6 ILUH SURGXFW >@ DQG WKH 9,,56 DFWLYH ILUH SURGXFW >@ XVHG DW /(2 VFDOH
DQG WKH :)$%%$ ILUH SURGXFW >@ DQG WKH /6$ 6$) 0HWHRVDW SURGXFWV >@ ZKLFK
XWLOLVH JHRVWDWLRQDU\ GDWD 7KHVHPHWKRGV KDG WKHLU JHQHVLV LQ WKH HYDOXDWLRQ RI LQ
GLYLGXDO LPDJHV IRU ILUH DFWLYLW\ ² D QHFHVVDU\ HYLO JLYHQ WKH WHPSRUDO JDS EHWZHHQ
UHYLVLWV XVLQJ /(2 VHQVRUV ² DQG ORRNHG WR SURYLGH WKH EDFNJURXQG WHPSHUDWXUH RI
VXVSHFWHG ILUH SL[HOV IURP WKH FRQWH[W RI WKH VXUURXQGLQJ QRQIODPLQJ DUHD 7KLV
PHWKRG RI EDFNJURXQG WHPSHUDWXUH GHWHUPLQDWLRQ UHOLHV RQ DFFXUDWH GLIIHUHQWL
DWLRQ RI FORXG DQG VPRNHDIIHFWHG SL[HOV IURP YDOLG RFFOXVLRQIUHH SL[HOV DORQJ
ZLWK HOLPLQDWLRQ RI DGMDFHQW ILUHDIIHFWHG SL[HOV DQG DGMXVWPHQWV IRU D VHQVRU·V
SRLQW VSUHDG IXQFWLRQ ,Q GLIILFXOW GHWHFWLRQ FRQGLWLRQV ZLWK ODUJH DPRXQWV RI
RFFOXVLRQ WKH DUHD UHTXLUHG IRU REWDLQLQJ VXIILFLHQW FOHDU SL[HOV WR IDFLOLWDWH WKLV
HVWLPDWLRQ SURFHVV H[SDQGV VLJQLILFDQWO\ 7KH VDPSOHG DUHDV VXUURXQGLQJ D WDU
JHW SL[HO PD\ EHDU OLWWOH UHVHPEOHQFH WR WKH HPLVVLYH DQG UHIOHFWLYH SURSHUWLHV RI
WKH FHQWUDO SL[HO GXH WR IDFWRUV VXFK DV ODQGVFDSH FRYHU UHOLHI DQG ZHDWKHU HIIHFWV
> @ &RQWH[WXDOO\ GHULYHG WHPSHUDWXUH FDQ DOVR VXIIHU IURP VSDWLDO DXWRFRU
UHODWLRQ LVVXHV ZKHUH WKH RPLVVLRQ RI WKLQ FORXG RU VPRNH UHGXFHV EULJKWQHVV
WHPSHUDWXUHV DFURVV ZLGHU DUHDV DQG UHGXFHV WKH WHPSHUDWXUH FRQWUDVW UHTXLUHG

 $GYDQFHV LQ $FWLYH )LUH 'HWHFWLRQ 8VLQJ D 0XOWL7HPSRUDO 0HWKRG IRU
1H[W*HQHUDWLRQ *HRVWDWLRQDU\ 6DWHOOLWH 'DWD
WR GHWHFW WKHUPDO DQRPDOLHV LQ WKH ILUVW LQVWDQFH 7KHVH LVVXHV ZLWK FRQWH[WXDO
GHWHUPLQDWLRQ DUH H[DFHUEDWHG E\ WKH VHQVLWLYLW\ RI ILUH DOJRULWKPV WR DFFXUDWHO\
GHWHUPLQHG EDFNJURXQG WHPSHUDWXUH >@ KLJKOLJKWHG VRPH RI WKH GLIILFXOWLHV
ZLWK FRQWH[WXDO WHPSHUDWXUH GHWHUPLQDWLRQ PHWKRGV LQFOXGLQJ WKH HVWLPDWH RI
EDFNJURXQG WHPSHUDWXUH IURP WKH VXUURXQGLQJ FRQWH[W EHLQJ KLJKHU WKDQ WKH WDU
JHW SL[HO·V IODPLQJ WHPSHUDWXUH ZKLFK RFFXUUHG LQ  RI FDVHV ZLWK WKH 02',6
ILUH SURGXFW EHWZHHQ  ,VVXHV DOVR DULVH ZKHQ WKH GHWHFWHG ILUH WHPSHUD
WXUH LV PDUJLQDOO\ DERYH WKH HVWLPDWHG EDFNJURXQG WHPSHUDWXUH ZLWK DWWULEXWLRQ
HUURUV LQ EDFNJURXQG WHPSHUDWXUH RI . FDXVLQJ HUURUV LQ WKH HVWLPDWHG ILUH DUHD
RI D IDFWRU RI  >@ WKRXJK WKHVH W\SHV RI HUURUV DUH OHVV OLNHO\ WR DIIHFW LQLWLDO
ILUH GHWHFWLRQ
7KHVH LVVXHV ZLWK DSSO\LQJ FRQWH[WXDO WHPSHUDWXUH GHULYDWLRQV LQ GLILFXOW FRQ
GLWLRQV KDYH OHG WR LQYHVWLJDWLRQ RI WKH HVWLPDWLRQ RI EDFNJURXQG WHPSHUDWXUH
XVLQJ WHPSRUDOEDVHG PHWKRGV ZKLFK IRFXV XSRQ WKH HVWLPDWLRQ RI EDFNJURXQG
WHPSHUDWXUH RYHU D WLPH SHULRG OHDGLQJ XS WR SL[HO LJQLWLRQ 7KLV HVWLPDWLRQ
EDVHG XSRQ WKH GLXUQDO YDULDWLRQ RI D SL[HO·V WHPSHUDWXUH DWWHPSWV WR OHYHUDJH WKH
KLJKHU WHPSRUDO UHVROXWLRQ RI VHQVRUV WR SURYLGH DQ DFFXUDWH EDFNJURXQG WHPSHU
DWXUH EDVHG XSRQ WKH H[SHFWHG EHKDYLRXU RI WKH SL[HO ZKHQ QR DQRPDO\ RFFXUV
,QLWLDO ZRUN HYDOXDWHG WKH XVH RI DEVROXWH GHVFULSWLYH PRGHOV > @ DQG 5HSUR
GXFLQJ .HUQHO +LOEHUW 6SDFH PRGHOV >@ ZKLFK ERWK VXIIHUHG IURP WKH LQDELOLW\
RI WKH PRGHO WR DOORZ IRU DGMXVWPHQWV GXH WR HPLVVLYLW\ FKDQJH IRU LQVWDQFH DIWHU
UDLQIDOO .DOPDQ ILOWHULQJ PHWKRGV IRU WHPSHUDWXUH HVWLPDWLRQ ZHUH ILUVW XWLOLVHG
E\ >@ DQG ZHUH UHILQHG E\ >@ DQG WKHVH JHQHUDOO\ SURYLGHG JRRG UHVXOWV IRU ILW
WLQJ WKH GLXUQDO WHPSHUDWXUH F\FOH ZKLOVW DFFRXQWLQJ IRU JDSV DQG DQRPDORXV GDWD
LQ WKH SL[HO UHFRUG 7KH ZRUN E\ >@ LQ SDUWLFXODU VKRZHG SURPLVH IRU REWDLQLQJ
PRUH DFFXUDWH EDFNJURXQG WHPSHUDWXUH GDWD DQG WKLV PHWKRG XWLOLVHV WUDLQLQJ
GDWD IURP WKH WDUJHW SL[HO IRU D GD\ SHULRG SULRU WR WKH GD\ EHLQJ PRGHOOHG
7UDLQLQJ GDWD GHULYHG LQ WKLV ZD\ IRU WHPSHUDWXUH ILWWLQJ LV YXOQHUDEOH WR JDSV LQ
WKH GDWD ² LQ DUHDV RI SHUVLVWHQW VWDQGLQJ FORXG RU SHULRGLF REVFXUDWLRQ VXIILFLHQW
WUDLQLQJ GDWD IRU D SL[HO ILWWLQJ PD\ QRW EH REWDLQDEOH DQG LQ WKLV FDVH HVWLPDWHV
DUH SURYLGHG E\ SL[HOV IURP DQ DQRPDO\IUHH OLEUDU\ RI SL[HOV >@ LQYHVWLJDWHG
WKLV PHWKRG DQG IRXQG WKDW DW LQ $XVWUDOLD RQO\ DSSUR[LPDWHO\  RI SL[HOV KDG
VXIILFLHQW WUDLQLQJ GDWD DYDLODEOH WR XWLOLVH WKH SL[HOEDVHG WUDLQLQJ GDWD PHWKRG
7KLV VWXG\ DOVR IRXQG VLJQLILFDQW LPSHGLPHQWV LQ WKH IRUP RI SURFHVVLQJ WLPH
UHTXLUHG WR SURGXFH ILWWLQJV ZKLFK ZDV DOVR PHQWLRQHG LQ WKH RULJLQDO VWXG\ E\
>@
5HFHQW ZRUN LQ WKH ILHOG RI EDFNJURXQG WHPSHUDWXUH HVWLPDWLRQ KDV LQYHVWL
JDWHG WKH XVH RI D EURDGDUHD WLPHVHULHV DSSURDFK IRU GHULYLQJ WUDLQLQJ GDWD IRU
WHPSHUDWXUH ILWWLQJ DV GHVFULEHG LQ >@ 5DZ LPDJH GDWD IURP WKH $+, VHQ
VRU ZDV DJJUHJDWHG EDVHG XSRQ PHGLDQ WHPSHUDWXUH YDOXHV RI WKH ODQG VXUIDFH DW

 'DWD
 E\  LQWHUYDOV IRU D SHULRG RI  GD\V SULRU WR WKH ILWWLQJ VWDUW WLPH 7KLV
GDWDVHW ZDV WKHQ DJJUHJDWHG E\ ORFDO VRODU WLPH DQG PHGLDQV ZHUH DJDLQ WDNHQ
LQ RUGHU WR FUHDWH DQ LGHDOLVHG GLXUQDO WHPSHUDWXUH F\FOH IRU D VWULS RI ODWLWXGH DW
RQH PLQXWH LQWHUYDOV 7KLV PRGHO ZDV WKHQ VXE²VDPSOHG IRU WKH FRUUHVSRQGLQJ
YDOXHV DW WKH WLPHV ZKHUH EULJKWQHVV WHPSHUDWXUH ZDV DYDLODEOH IRU WKH ORFDWLRQ
LQ TXHVWLRQ $ ILWWLQJ SURFHVV ZDV WKHQ DSSOLHG LQ RUGHU WR SURYLGH DQ RSWLPLVHG
EDFNJURXQG WHPSHUDWXUH EDVHG XSRQ WKH WUDLQLQJ GDWD DQG WKH EULJKWQHVV WHP
SHUDWXUH GDWD DYDLODEOH IURP WKH ORFDWLRQ IRU WKH FRUUHVSRQGLQJ  KRXU SHULRG
7KLV PHWKRG SURGXFHG VLPLODU RU LPSURYHG DFFXUDF\ RI EDFNJURXQG WHPSHUDWXUH
GHWHUPLQDWLRQ ZKHQ FRPSDUHG WR SL[HOEDVHG PHWKRGV VXFK DV WKRVH LQ >@ ZLWK
D VLJQLILFDQW LQFUHDVH LQ WUDLQLQJ GDWD DYDLODELOLW\ RYHU DOO DUHDV H[DPLQHG
7KH LQFUHDVHG DYDLODELOLW\ DQG DFFXUDF\ RI WKH EDFNJURXQG WHPSHUDWXUH GHWHU
PLQDWLRQ PHWKRG GHVFULEHG E\ >@ SURYLGHV D VWDUWLQJ SRLQW IRU D ILUH GHWHFWLRQ
DOJRULWKP 7KH UREXVWQHVV RI WKH PRGHO VXJJHVWV WKDW WKH SHULRGV RI QHJDWLYH WHP
SHUDWXUH DQRPDOLHV VXFK DV FORXG DQG VPRNH DQG SRVLWLYH WHPSHUDWXUH DQRPDOLHV
VXFK DV ILUH DFWLYLW\ KDYH D UHGXFHG HIIHFW RQ WKH VXEVHTXHQW ILWWHG WHPSHUDWXUHV
LQ FRPSDULVRQ WR WKH LGHDO GLXUQDO WHPSHUDWXUH F\FOH WKDW VKRXOG EH GHPRQVWUDWHG
E\ WKH SL[HOV EHLQJ H[DPLQHG 7KLV SDSHU SURSRVHV WKH XVH RI WKLV ILWWLQJ WHFKQLTXH
ZLWK D VHULHV RI WHPSHUDWXUH WKUHVKROGV IRU WKHUPDO DQRPDO\ DWWULEXWLRQ ZLWK D
YLHZ WR H[DPLQH WKH DELOLWLHV DQG OLPLWDWLRQV RI WKH WHPSHUDWXUH ILWWLQJ PHWKRG
ZLWK UHJDUG WR ILUH GHWHFWLRQ 7KH SDSHU ZLOO H[DPLQH WKH SHUIRUPDQFH RI WKLV
WKUHVKROG DOJRULWKP DJDLQVW FRPPRQO\ XVHG /(2 SURGXFWV VXFK DV WKH 9,,56 DQG
02',6 DFWLYH ILUH SURGXFWV LQ RUGHU WR GHWHUPLQH WKH FRPSOHWHQHVV RI DQRPDO\
FDSWXUH RI WKH YDULRXV PHWKRGV DQG DOVR WR H[DPLQH WKH FDSDELOLW\ RI WKH $+,
VHQVRU WR GHWHFW ILUH LQ LWV HDUO\ VWDJHV DQG JLYH DQ HVWLPDWH RI WKH H[SHFWHG LP
SURYHPHQWV LQ ILUH GHWHFWLRQ WLPHV XVLQJ WKLV PHWKRG
 'DWD
 6HQVRU GDWD
*HRVWDWLRQDU\ VDWHOOLWH VHQVRU LQIRUPDWLRQ IRU WKLV VWXG\ ZDV REWDLQHG IURP -DSDQ
0HWHRURORJLFDO $JHQF\ YLD WKH $XVWUDOLDQ %XUHDX RI 0HWHRURORJ\ $%20 7KH
VWXG\ PDNHV XVH RI %DQG  P ZDYHOHQJWK LPDJHV IURP WKH $+, VHQVRU
IRU WKH PRQWK RI $XJXVW  ZKLFK ZHUH FRUUHFWHG ERWK UDGLRPHWULFDOO\ DQG
JHRJUDSKLFDOO\ DFFRUGLQJ WR WKH SURFHGXUHV RXWOLQHG LQ >@ 'DWD IRU WKH PRQWK
ZDV SUHSURFHVVHG DFFRUGLQJ WR WKH PHWKRG GHVFULEHG LQ >@ LQ RUGHU WR SURYLGH
WUDLQLQJ GDWD IRU WKH WHPSHUDWXUH ILWWLQJ SURFHVV 7R GHWHUPLQH WKH DYDLODELOLW\ RI
FORXGIUHH SL[HOV IRU IDOVH DWWULEXWLRQ HYDOXDWLRQ D FOHDU VN\ SUREDELOLW\ SURGXFW
EDVHG XSRQ WKH &/$95[ FORXG PDVN DOJRULWKP >@ ZLWK VRPH PLQRU DOWHUDWLRQV

 $GYDQFHV LQ $FWLYH )LUH 'HWHFWLRQ 8VLQJ D 0XOWL7HPSRUDO 0HWKRG IRU
1H[W*HQHUDWLRQ *HRVWDWLRQDU\ 6DWHOOLWH 'DWD
>@ ZDV XVHG
7KH VWXG\ FRQVLGHUV WZR FRPPRQO\ XVHG DFWLYH ILUH SURGXFWV IURP ORZ HDUWK
RUELWLQJ VHQVRUV WKH 02',6 &ROOHFWLRQ  02'0<' NP DFWLYH ILUH SURG
XFW DV RXWOLQHG LQ >@ DQG WKH 9,,56 P 913,0* DFWLYH ILUH SURGXFW DV
GHVFULEHG LQ >@ PDNLQJ XVH LQ ERWK FDVHV RI WKH JHRJUDSKLF SRVLWLRQ RI WKH GH
WHFWHG KRWVSRWV DQG WKH WLPH RI VDWHOOLWH RYHUSDVV %RWK RI WKHVH SURGXFWV VKRZ
ORZ FRPPLVVLRQ UDWHV IRU ILUH DFWLYLW\ LQ DUHDV ZLWK VLPLODU JHRJUDSKLF DQG ODQG
FRYHU FKDUDFWHULVWLFV HVSHFLDOO\ ZLWK WKH ODUJHU ILUHV WKLV VWXG\ DUHD WHQGV WR SUR
GXFH ,Q DGGLWLRQ WR GHWHUPLQH WKH H[WHQW RI WKH VWXG\ DUHD DIIHFWHG E\ ILUH DQG WR
SURYLGH D PHWKRG DJDLQVW ZKLFK WR H[SORUH ILUH GLVWXUEDQFH D 02',6 EXUQHG DUHD
◦ SURGXFW >@ SURGXFHG E\ WKH 7(51 $XVFRYHU SURMHFW ZDV XVHG 7KLV
GDWDVHW GHVFULEHV WKH DUHD DIIHFWHG E\ ILUH DQG DWWULEXWHV DUHDV ZLWK WKH GDWH DQG
WLPH RI WKH ILUVW UHFRUGHG GLVWXUEDQFH LQ WKH PRQWK LQ TXHVWLRQ 7KLV SURGXFW LV
XVHG IRU WKLV VWXG\ SULPDULO\ EHFDXVH RI LWV HIIHFWLYHQHVV DW DFFXUDWHO\ GHVFULELQJ
ILUHLQGXFHG FKDQJH LQ JHRJUDSKLF UHJLRQV VLPLODU WR WKRVH XVHG LQ WKLV VWXG\ >@
 6WXG\ $UHD
7KH DUHD VHOHFWHG IRU WKH VWXG\ LV D VHFWLRQ RI QRUWK ZHVWHUQ $XVWUDOLD ERXQGHG
EHWZHHQ 6 DQG 6 LQ ODWLWXGH DQG ( DQG ( ORQJLWXGH DV VKRZQ LQ )LJ
XUH  GXULQJ WKH PRQWK RI $XJXVW  7KH DUHD LV SUHGRPLQDQWO\ FRPSULVHG
RI VDYDQQD ZRRGODQG WHQGLQJ WR GULHU KXPPRFN JUDVV FRQGLWLRQV LQ WKH VRXWKHUQ
SRUWLRQ >@ 7KH WLPH RI \HDU VHOHFWHG FRUUHVSRQGV WR 0LG 'U\ 6HDVRQ W\SH ILUH
EHKDYLRXU >@ ZLWK D KLJK QXPEHU RI ILUHV DQG ODUJHU ILUHV DEOH WR WDNH KROG GXH
WR UHGXFHG IXHO PRLVWXUH DQG KXPLGLW\ 7KH ORZ SUHYDOHQFH RI FORXG FRYHU LQ WKH
DUHD FRPSDUHG WR RWKHU SHULRGV RI WKH \HDU SURYLGHV LGHDO FRQGLWLRQV IRU DQ\ ILUH
GHWHFWLRQ PHWKRGV XVHG 7KLV ODFN RI REVFXUDWLRQ FRXSOHG ZLWK WKH UHPRWHQHVV
RI H[DPLQHG ILUH DFWLYLW\ IURP SRSXODWLRQ FHQWUHV ZKLFK PHDQ WKDW ILUHV FRQWLQXH
WR VSUHDG QDWXUDOO\ DIWHU LQLWLDO GHWHFWLRQ DOORZV IRU DQ LGHDO WHVWEHG IRU FRP
SDULVRQ EHWZHHQ YDULRXV ILUH SURGXFWV 7KH VWXG\ DUHD LWVHOI FRPSULVHV RI 
XQLTXH $+, SL[HOV FRYHULQJ DSSUR[LPDWHO\ NP
 0HWKRG
 %URDG $UHD 7UDLQLQJ PHWKRG
7KLV VWXG\ XWLOLVHV SUHYLRXV ZRUN FRQGXFWHG XSRQ WKH $+, VHQVRU LQ WKH DSSOLFD
WLRQ RI D PXOWLWHPSRUDO PHWKRG RI EDFNJURXQG WHPSHUDWXUH HVWLPDWLRQ NQRZQ
DV WKH %URDG $UHD 7UDLQLQJ %$7 PHWKRG >@ 7KLV PHWKRG LQYROYHV D WZRVWHS
SURFHVV IRU JHRVWDWLRQDU\ GDWD  D SUHSURFHVVLQJ VWHS ZKHUH $+, %DQG  LPDJHV


 $GYDQFHV LQ $FWLYH )LUH 'HWHFWLRQ 8VLQJ D 0XOWL7HPSRUDO 0HWKRG IRU
1H[W*HQHUDWLRQ *HRVWDWLRQDU\ 6DWHOOLWH 'DWD
WKUHVKROG H[DPLQDWLRQ ZLWK D KLJKHU ERXQG RI . EDVHG XSRQ DQ DVVHVVPHQW RI
WKH UHVSRQVH RI NQRZQ ILUHV LQ FRPSDULVRQ WR ORZ HDUWK RUELWLQJ DFWLYH ILUH SURG
XFWV ZLWK VXSSOHPHQWDU\ YDOXHV VHOHFWHG LQ EHWZHHQ DW LQWHJHU OHYHO :KLOVW E\
QR PHDQV EHLQJ D FRPSUHKHQVLYH VHW RI YDOXHV IRU HYDOXDWLRQ WKH UDQJH RI WKUHVK
ROGV HYDOXDWHG VHHNV WR JDLQ DQ XQGHUVWDQGLQJ RI WKH UHODWLRQVKLS EHWZHHQ WKH
FRPPLVVLRQ DQG RPLVVLRQ HUURU DVVRFLDWHG ZLWK XVLQJ D WKUHVKROGLQJ PHWKRG RI
WKLV W\SH
 $QRPDO\ 'HWHFWLRQ 5DWH (YDOXDWLRQ
7R HYDOXDWH WKH YDOLGLW\ RI XVLQJ DVVRUWHG WKUHVKROGV IRU WKHUPDO DQRPDO\ GHWHF
WLRQ DQ DQDO\VLV RI WKH GLIIHUHQFH EHWZHHQ UHFRUGHG DQG PRGHOOHG WHPSHUDWXUHV
ZDV FRQGXFWHG IRU D  GD\ SHULRG  -XOLDQ GD\V  ²  GXULQJ $XJXVW
 RYHU WKH VWXG\ DUHD VHH )LJXUH  7KH VWXG\ DUHD ZDV EURNHQ LQWR 
EORFNV HDFK  [  LQ VL]H ZKLFK W\SLFDOO\ FRPSULVH RI EHWZHHQ  ² 
$+, SL[HOV LQ WKLV SDUW RI WKH IXOO GLVN %ORFNV ZHUH WKHQ VHOHFWHG DW UDQGRP DQG
FRXSOHG ZLWK D GDWH DQG WLPH VHOHFWHG IURP WKH VWXG\ SHULRG 'DWHV RI DQDO\
VLV IRU HDFK EORFN ZHUH UDQGRPLVHG ZKLOVW WKH KRXU DW ZKLFK ILWWLQJ FRPPHQFHG
ZDV GLYLGHG HYHQO\ EHWZHHQ VDPSOHV WR PLQLPLVH WKH HIIHFW RI WLPH RI GD\ RQ ILW
WLQJ DFFXUDF\ HYDOXDWLRQ )URP WKH  EORFNV DQG  XQLTXH VWDUWLQJ WLPHV 
KRXUV [  GD\V DYDLODEOH D WRWDO RI  EORFN VDPSOHV ZHUH VHOHFWHG IRU HYDOXD
WLRQ 7UDLQLQJ GDWD IRU WKH SL[HOV LQ HDFK EORFN ZDV GHULYHG XVLQJ WKH %$7 PHWKRG
DQG WHPSHUDWXUH ILWWLQJ ZDV SHUIRUPHG RQ WKH EULJKWQHVV WHPSHUDWXUH GDWD IRU DOO
SL[HOV LQ WKH EORFN XVLQJ D VLQJOH YDOXH GHFRPSRVLWLRQ PHWKRG
,Q RUGHU WR HQVXUH WKDW WKH HIIHFW RI FORXG RQ WKH WHPSHUDWXUH ILWWLQJ ZDV PLQ
LPLVHG IRU WKH VHW RI UHVXOWV XVHG IRU WKUHVKROG GHWHUPLQDWLRQ WKH FOHDU VN\ SURG
XFW GHVFULEHG LQ 6HFWLRQ  ZDV HYDOXDWHG IRU SL[HOV WR EH ILWWHG 3L[HO GLXUQDO
YHFWRUV ZHUH GLVFDUGHG ZKHQ OHVV WKDQ  LQVWDQFHV RI FOHDU VN\ RFFXUUHG LQ WKH
GD\ H[DPLQHG IURP WKH  GDLO\ LPDJHV $V WKH H[SHULPHQWDO $+, FOHDU VN\ SURG
XFW XVHG KDG VLJQLILFDQW LVVXHV ZLWK IDOVH DWWULEXWLRQ RI FORXG FRYHU GXULQJ WKH
QLJKW D WHPSRUDO PDVN ZDV DSSOLHG WR LWV XVH 7KH FOHDU VN\ SURGXFW ZDV XVHG
IRU FORXG FRYHU GHWHUPLQDWLRQ GXULQJ GD\OLJKW KRXUV DSSUR[  ²  87& LQ
WKLV FDVH ZKLOVW DW QLJKW FORXG FRYHU ZDV IODJJHG E\ XVH RI D UXGLPHQWDU\ PDVN
RI EULJKWQHVV WHPSHUDWXUH OHVV WKDQ . 2QFH D VSHFLILF SL[HO GLXUQDO YHFWRU
KDV SDVVHG WKH FORXG UHTXLUHPHQW WKH GLIIHUHQFHV EHWZHHQ WKH PRGHOOHG DQG WKH
PHDVXUHG EULJKWQHVV WHPSHUDWXUHV ZHUH UHFRUGHG IRU DQDO\VLV
$V D IXUWKHU DQDO\VLV WR GHWHUPLQH WKH UDWH RI GHWHFWLRQV DVVRFLDWHG ZLWK DFWXDO
ILUH DFWLYLW\ WKH $+, ILWWLQJ GDWDVHW ZDV DOVR FRPSDUHG WR EXUQHG DUHD GHWHFWLRQV
IURP WKH 02',6 EXUQHG DUHD SURGXFW >@ IRU ORFDWLRQ DQG WLPH ,I DQ $+, GH
WHFWLRQ ZDV REVHUYHG WKH EXUQHG DUHD SURGXFW ZDV FKHFNHG IRU D UHFRUGLQJ IRU D

 0HWKRG
SHULRG RI K HLWKHU VLGH RI WKH $+, GHWHFWLRQ DQG DFWLYH ILUH ZDV DWWULEXWHG DV
WKH FDXVH RI WKH GHWHFWLRQ LI WKLV FULWHULD ZDV PHW 7KLV ODUJH HYDOXDWLRQ ZLQGRZ
ZDV VHOHFWHG WR HQVXUH WKDW ILUHLQGXFHG GHWHFWLRQV ZHUH QRW PLVVHG GXH WR FORXG
FRYHU EORFNLQJ RQH RU PRUH RI WKH GD\WLPH LPDJLQJ SDVVHV RI WKH 02',6 VDWHOOLWH
 $FWLYH )LUH 3URGXFW ,QWHUFRPSDULVRQ
7KH 02',6 EXUQHG DUHD SURGXFW GHVFULEHG E\ >@ ZDV XVHG WR GHWHUPLQH LQ
VWDQFHV RI ILUHLQGXFHG FKDQJH LQ WKH VWXG\ DUHD 7KH SRVLWLRQDO LQIRUPDWLRQ LQ
WKLV GDWDVHW ZDV FRQYHUWHG WR $+, LPDJH FRRUGLQDWHV DQG DQ\ GXSOLFDWH UHWXUQV
LQ ERWK ORFDWLRQ DQG WLPH ZHUH HOLPLQDWHG 2QFH WKHVH ORFDWLRQV ZHUH LGHQWLILHG
D VLPLODU DQDO\VLV RI WKH 02',6 DQG 9,,56 DFWLYH ILUH SURGXFWV ZDV XQGHUWDNHQ
+RWVSRWV LGHQWLILHG E\ HDFK RI WKH SURGXFWV KDG WKHLU LPDJH WLPH DQG HTXLYDOHQW
$+, ORFDWLRQV UHFRUGHG ,QFLGHQFHV ZKHUH DFWLYH ILUH SURGXFWV UHFRUGHG D KRWVSRW
GHWHFWLRQ LQ WKH $+, SL[HO DUHD LQ WKH  KRXUV SUHFHGLQJ WKH EXUQHG DUHD GLVWXU
EDQFH ZHUH QRWHG 7KLV OHG WR WKH HYDOXDWLRQ RI IRXU LQWHUFRPSDULVRQ W\SHV ² 
ILUHV ZKLFK ZHUH UHFRUGHG E\ WKH EXUQHG DUHD SURGXFW EXW QRW E\ HLWKHU RI WKH
DFWLYH ILUH SURGXFWV  ILUHV ZKLFK ZHUH GHWHFWHG E\ WKH 9,,56 DFWLYH ILUH SURGXFW
DQG WKH EXUQHG DUHD SURGXFW EXW QRW E\ WKH 02',6 DFWLYH ILUH SURGXFW  ILUHV
WKDW ZHUH LGHQWLILHG E\ WKH 02',6 DFWLYH ILUH SURGXFW DQG WKH EXUQHG DUHD SURGXFW
EXW QRW E\ 9,,56 DQG  ILUHV GLVFRYHUHG E\ DOO WKUHH RI WKH /(2 SURGXFWV XVHG
)URP WKHVH LQWHUFRPSDULVRQ FODVVHV D UDQGRP VDPSOH RI  LQFLGHQWV ZHUH
VHOHFWHG IRU IXUWKHU DQDO\VLV )RU HDFK RI WKH VHOHFWHG LQVWDQFHV D WHPSHUDWXUH
ILWWLQJ ZLQGRZ ZDV VHOHFWHG EDVHG XSRQ WKH WLPH RI WKH 02',6 EXUQHG DUHD SURG
XFW 7KH WHPSRUDO ZLQGRZ IRU WKH GLXUQDO ILWWLQJ RI SL[HO EDFNJURXQG WHPSHUDWXUH
ZDV IL[HG EHJLQQLQJ K SULRU WR WKH GHWHFWLRQ RI FKDQJH IURP WKH EXUQHG DUHD
SURGXFW )LJXUH  LQ RUGHU WR PD[LPLVH WKH WHPSRUDO FRYHUDJH RI ILWWLQJ SULRU
WR WKH EXUQHG DUHD GHWHFWLRQ 7UDLQLQJ GDWD IRU HDFK RI WKH SL[HO ILWWLQJV ZDV GH
ULYHG XVLQJ WKH %$7 PHWKRG >@ DQG WHPSHUDWXUH ILWWLQJV DSSOLHG WR HDFK RI WKH
UDZ EULJKWQHVV WHPSHUDWXUH VHWV XVLQJ D VLQJOH YDOXH GHFRPSRVLWLRQ PHWKRG 7KH
WKUHVKROGV GHVFULEHG LQ 6HFWLRQ  ZHUH WKHQ DSSOLHG WR WKH GLIIHUHQFH EHWZHHQ
WKH ILWWHG EDFNJURXQG WHPSHUDWXUH DQG WKH UHFRUGHG EULJKWQHVV WHPSHUDWXUH DQG
LQVWDQFHV ZKHUH WKHVH WKUHVKROGV DUH H[FHHGHG DUH UHFRUGHG ZLWK WKH WLPH RI $+,
GHWHFWLRQ QRWHG 6XFFHVV RI WKH WKUHVKROG GHWHFWLRQ DOJRULWKP ZDV FRQVLGHUHG DV
DW OHDVW RQH DQRPDO\ EHLQJ GHWHFWHG GXULQJ WKH  KRXU SHULRG RI ILWWLQJ ZLWK V\Q
FKURQRXV GHWHFWLRQV EHLQJ FODVVLILHG DV LQVWDQFHV ZKHUH DQ $+, DQRPDO\ RFFXUV
ZLWKLQ  PLQXWHV RI DQ\ DFWLYH ILUH SURGXFW GHWHFWLRQ LQ WKH SL[HO LQ TXHVWLRQ


 5HVXOWV
RI WKH LQLWLDO LJQLWLRQ WLPH DQG FRXOG DOVR OHDG WR D SL[HO EHLQJ PLVDWWULEXWHG DV
QRQILUH GXULQJ IODPLQJ SHULRGV LI WKH GLXUQDO VLJQDO LV VXIILFLHQWO\ GLVWXUEHG
,Q RUGHU WR PLWLJDWH WKH HIIHFWV RI RQJRLQJ ILUH DFWLYLW\ RQ WKH EDFNJURXQG WHP
SHUDWXUH HVWLPDWLRQ SURFHVV DQ DGMXVWHG WHPSRUDO ZLQGRZ IRU WKH WHPSHUDWXUH
ILWWLQJ LV DSSOLHG ,QLWLDOO\ WKH WLPH RI WKH ILUVW GHWHFWLRQ E\ D ORZ HDUWK RUELWLQJ
GHWHFWLRQ DOJRULWKP ZLWKLQ WKH RULJLQDO SHULRG K SULRU WR WKH EXUQHG DUHD GH
WHFWLRQ LV QRWHG DQG FRPSDUHG WR WKH UHFRUGHG LQVWDQFHV RI ILUH GHWHFWLRQ IURP
WKH WKUHVKROG DOJRULWKP ,I WKH ILUVW DFWLYH ILUH GHWHFWLRQ IURP WKH WKUHVKROG DOJR
ULWKP LV ZLWKLQ WZR KRXUV RI WKLV ILUVW /(2 DFWLYH ILUH GHWHFWLRQ WKH WLPH RI WKH
GHWHFWLRQ E\ WKH /(2 SURGXFW LV IL[HG DV WKH VHHG IRU WKH QHZ WHPSRUDO ZLQGRZ
ZKLFK VWDUWV WKH WHPSHUDWXUH ILWWLQJ SURFHVV IRU WKH WDUJHW SL[HO  KRXUV SULRU WR
WKLV UHVROYHG ILUVW GHWHFWLRQ ,Q LQVWDQFHV ZKHUH WKH WKUHVKROG DOJRULWKP GHWHFWV
ILUH PRUH WKDQ  KRXUV SULRU WR D /(2 ILUH SURGXFW GHWHFWLRQ WKH WLPH RI WKH ILUVW
GHWHFWLRQ RI WKH $+, SURGXFW VHHGV WKH WHPSRUDO ZLQGRZ WLPH LQVWHDG 'HVSLWH
WKH FKDQJH LQ ILWWLQJ VWDUW WLPHV WKH VDPH  KRXU ZLQGRZ LV HYDOXDWHG IRU ILUH
GHWHFWLRQ DV LQ 6HFWLRQ  ZLWK DQ\ FKDQJH LQ WKH LQLWLDO WLPH RI $+, GHWHFWLRQ
UHFRUGHG
 5HVXOWV
 7KUHVKROG 6HOHFWLRQ DQG $QRPDO\ 'HWHFWLRQ 5DWHV
8VLQJ WKH VHOHFWLRQ PHWKRG IRU FOHDU VN\ SL[HOV DV GHVFULEHG LQ 6HFWLRQ  D
WRWDO RI  XQLTXH ORFDWLRQV DQG VWDUWLQJ WLPHV ZHUH LGHQWLILHG DV VXLWDEOH IRU
DQDO\VLV ZKLFK FRUUHVSRQGHG WR DSSUR[LPDWHO\  RI WKH SL[HOV VHOHFWHG LQLWLDOO\
7DEOH  GLVSOD\V WKH UDWHV RI GHWHFWLRQ RI LQGLYLGXDO WKHUPDO DQRPDOLHV HDFK RI
WKH WKUHVKROGV VHOHFWHG ZKHUH DQ DQRPDO\ GHWHFWLRQ LV GHILQHG DV DW OHDVW RQH
EULJKWQHVV WHPSHUDWXUH EHLQJ PRUH WKDQ WKH WKUHVKROG DERYH WKH WHPSHUDWXUH
ILWWLQJ IRU WKH K SHULRG ILWWHG 7KH WKUHVKROGLQJ DOJRULWKP GLVSOD\V D YHU\ KLJK
QXPEHU RI DQRPDO\ GHWHFWLRQV DW . ZLWK D ORZ QXPEHU RI WKHVH EHLQJ UHODWHG
WR GHWHFWHG ILUH DFWLYLW\ $V WKH WKUHVKROG LV LQFUHDVHG GHWHFWLRQ UDWHV GURS EXW
WKH QXPEHU RI GHWHFWLRQV DVVRFLDWHG ZLWK EXUQHG DUHD LQVWDQFHV LQFUHDVHV WR D
SRLQW ZKHUH DW . QRQEXUQHGDUHD WKUHVKROGLQJ GHWHFWLRQV RFFXU LQ OHVV WKDQ
 RI DOO VDPSOHG SL[HOV 7KH FRPPLVVLRQ UDWH RI WKH DQRPDO\ GHWHFWLRQ UHODWLYH
WR EXUQHG DUHD SURGXFW GHWHFWLRQV UHPDLQV UHODWLYHO\ KLJK DW DOO WKUHVKROGV ZLWK
WKH ORZHVW UDWH RI  DW .
 $FWLYH )LUH 3URGXFW ,QWHUFRPSDULVRQ
7KH VHOHFWLRQ SURFHVV RXWOLQHG LQ 6HFWLRQ  LGHQWLILHG  VHSDUDWH LQVWDQFHV
RI SRVVLEOH ILUHLQGXFHG GLVWXUEDQFH DFURVV  XQLTXH $+, SL[HOV GXULQJ WKH

 $GYDQFHV LQ $FWLYH )LUH 'HWHFWLRQ 8VLQJ D 0XOWL7HPSRUDO 0HWKRG IRU
1H[W*HQHUDWLRQ *HRVWDWLRQDU\ 6DWHOOLWH 'DWD
h#H2 9XR, 5DZ DQRPDO\ UDWHV IRU WKH WKUHVKROG DOJRULWKP IRU WKH VHOHFWHG WHPSHUDWXUH
WKUHVKROGV DQG WKH SURSRUWLRQ RI WKHVH DQRPDOLHV ZKLFK KDYH DQ DVVRFLDWHG GLVWXUEDQFH
GHWHFWHG E\ WKH 02',6 EXUQHG DUHD SURGXFW IURP D WRWDO VHOHFWLRQ RI  FORXGIUHH
GLXUQDO ILWWLQJV
7KUHVKROG .
$+, ILWWLQJV ZLWK $QRPDORXV ILWWLQJV ZLWK
SRVLWLYH DQRPDOLHV LGHQWLILHG DVVRFLDWHG 02',6 EXUQHG DUHD
.  
.  
.  
.  
SHULRG RI WKH VWXG\ 7KH ODUJHU QXPEHU RI WRWDO ILUH LQFLGHQFHV FRPSDUHG WR $+,
SL[HOV DIIHFWHG LV H[SODLQHG E\ WKH VSDWLDO GLVSDULW\ RI WKH GDWDVHWV XVHG ² WKH
EXUQHG DUHD SURGXFW LV RI D IDU KLJKHU VSDWLDO UHVROXWLRQ WKDQ WKH $+, LPDJHU\ VR
D QXPEHU RI VHSDUDWH LQFLGHQWV PD\ RFFXU LQ RQH $+, SL[HO DUHD RYHU WKH SHULRG
RI WKH VWXG\ 7DEOH  VKRZV WKH UDWHV RI GHWHFWLRQ IRU WKH IRXU ILUH LQFLGHQW
JURXSV DV GHVFULEHG LQ 6HFWLRQ  2I QRWH LV WKH HIIHFW RI WKH VSDWLDO UHVROXWLRQ
RI WKH YDULRXV VHQVRUV RQ WKH UDWH RI FRPSOHPHQWDU\ GHWHFWLRQ 1RWZLWKVWDQGLQJ
ILUHV WKDW KDYH QRW EHHQ GHWHFWHG E\ WKH /(2 DFWLYH ILUH SURGXFWV WKH W\SH RI
FODVVLILFDWLRQ URXJKO\ FRUUHODWHV ZLWK ILUH VL]H ² HYHQWV WKDW DUH GHWHFWHG E\ WKH
9,,56 P SURGXFW RQO\ DUH LGHQWLILHG E\ $+, DW D OHVVHU UDWH WKDQ WKRVH IRXQG E\
WKH 02',6 DFWLYH ILUH SURGXFW RQO\ DQG ERWK RI WKHVH KDYH ORZHU GHWHFWLRQ UDWHV
WKDQ ZKHQ ERWK DFWLYH ILUH SURGXFWV DUH WULJJHUHG 'HVSLWH WKH VSDWLDO UHVROXWLRQ
GLVSDULW\ EHWZHHQ WKH 9,,56 DFWLYH ILUH SURGXFW DQG WKH $+, %DQG  LPDJHV WKH
WKUHVKROG DOJRULWKP LV FDSDEOH RI GHWHFWLQJ ILUH LQ WKHVH DUHDV LQ RYHU  RI FDVHV
ZKHQ XVLQJ WKH ODUJHVW RI WKH IRXU WKUHVKROGV HYDOXDWHG
h#H2 9Xk, 'HWHFWLRQ UHVXOWV RI WKH WKUHVKROGLQJ DOJRULWKP RQ  ILUH LQFLGHQWV LQ HDFK
GHWHFWLRQ JURXSLQJ SHU WHPSHUDWXUH WKUHVKROG 'HWHFWLRQV RFFXU ZKHUH DW OHDVW RQH EULJKW
QHVV WHPSHUDWXUH PHDVXUHPHQW H[FHHGV WKH ILWWHG EULJKWQHVV WHPSHUDWXUH E\ WKH VHOHFWHG
WKUHVKROG 6\QFKURQRXV ILUH GHWHFWLRQV DUH FODVVLILHG DV ZKHUH DQ DQRPDO\ GHWHFWHG E\
RQH RU ERWK RI WKH DFWLYH ILUH SURGXFWV KDV DW OHDVW RQH FRUUHVSRQGLQJ GHWHFWLRQ IURP WKH
WKUHVKROG DOJRULWKP ZLWKLQ WZHQW\ PLQXWHV RI WKH /(2 GHWHFWLRQ
*URXS?7KUHVKROG . . . .
Q  IRU DOO 'HWHFWHG 6\QFKURQRXV 'HWHFWHG 6\QFKURQRXV 'HWHFWHG 6\QFKURQRXV 'HWHFWHG 6\QFKURQRXV
%XUQHG DUHD RQO\  1$  1$  1$  1$
9,,56 $) RQO\        
02',6 $) RQO\        
%RWK $) SURGXFWV        
,PSRUWDQWO\ WKH WKUHVKROG DOJRULWKP LV GHWHFWLQJ SRVLWLYH DQRPDOLHV LQ SL[HOV
WKDW KDYH LGHQWLILHG DV EHLQJ EXUQHG EXW QR /(2 DFWLYH ILUH SURGXFW GHWHFWLRQ ,Q
 RI FDVHV WKH . WKUHVKROG LV DEOH WR LGHQWLI\ D ILUH LQ D SL[HO ZKHUH ERWK RI

 5HVXOWV
WKH /(2 DFWLYH ILUH SURGXFWV XVHG KHUH KDYH IDLOHG ZLWK KLJKHU DWWULEXWLRQ UDWHV
IRU WKH VPDOOHU WKUHVKROGV
 7LPH RI ,QLWLDO 'HWHFWLRQ
h#H2 9Xj, 7LPH RI GHWHFWLRQ RI ILUHV XVLQJ WKH WKUHVKROG DOJRULWKP LQ FRPSDULVRQ WR WLPHV
RI ILUVW GHWHFWLRQ XVLQJ WKH WZR /(2 DFWLYH ILUH SURGXFWV DW HDFK WHPSHUDWXUH WKUHVKROG
7LPHV VKRZQ DUH WKH DYHUDJH WLPH RI GHWHFWLRQ SULRU WR /(2 DFWLYH ILUH GHWHFWLRQ ZLWK
QXPEHUV VKRZQ IRU ERWK WKH GLXUQDO WHPSRUDO ZLQGRZ FRPPHQFLQJ K SULRU WR EXUQHG
DUHD GHWHFWLRQ DQG IRU WKH VKLIWHG WHPSRUDO ZLQGRZ FRPPHQFLQJ K EHIRUH LQLWLDO DFWLYH
ILUH GHWHFWLRQ 7LPHV VKRZQ DUH LQ KRXUV DQG PLQXWHV
9,,56 'HWHFWLRQ RQO\ Q  . . . .
2ULJLQDO GHWHFWLRQ UDWH    
6KLIWHG GHWHFWLRQ UDWH    
0HDQ GHWHFWLRQ WLPH EHIRUH ILUVW
K P K P K P K P
/(2 $) ZLWK RULJLQDO ZLQGRZ
0HDQ GHWHFWLRQ WLPH EHIRUH ILUVW
K P K P K P K P
/(2 $) ZLWK VKLIWHG ZLQGRZ
02',6 'HWHFWLRQ RQO\ Q  . . . .
2ULJLQDO GHWHFWLRQ UDWH    
6KLIWHG GHWHFWLRQ UDWH    
0HDQ GHWHFWLRQ WLPH EHIRUH ILUVW
K P K P K P K P
/(2 $) ZLWK RULJLQDO ZLQGRZ
0HDQ GHWHFWLRQ WLPH EHIRUH ILUVW
K P K P K P K P
/(2 $) ZLWK VKLIWHG ZLQGRZ
%RWK $) 'HWHFWHG Q  . . . .
2ULJLQDO GHWHFWLRQ UDWH    
6KLIWHG GHWHFWLRQ UDWH    
0HDQ GHWHFWLRQ WLPH EHIRUH ILUVW
K P K P K P K P
/(2 $) ZLWK RULJLQDO ZLQGRZ
0HDQ GHWHFWLRQ WLPH EHIRUH ILUVW
K P K P K P K P
/(2 $) ZLWK VKLIWHG ZLQGRZ
7DEOH  VKRZV VWDWLVWLFV FRQFHUQLQJ WKH GHWHFWLRQ UDWHV RI HDFK WKUHVKROG IRU
WKH LQFLGHQW FODVVHV H[DPLQHG IRU WKH IRUZDUGVKLIWHG WHPSRUDO ZLQGRZ )LJXUH
 DORQJ ZLWK WKH DYHUDJH WLPHV RI WKH $+, ILUH GHWHFWLRQ EHIRUH D ORZ HDUWK RU
ELW GHWHFWLRQ 7KHVH PHDQ WLPH GLIIHUHQFHV DUH VKRZQ ERWK IRU GHWHFWLRQV IURP
ILWWLQJV ZLWK WKH WHPSRUDO ZLQGRZ DIIL[HG WR WKH EXUQHG DUHD SURGXFW DQG IRU
GHWHFWLRQV IURP ILWWLQJ ZLQGRZV DIIL[HG WR WKH OHDGLQJ ILUH GHWHFWLRQ GHWHUPLQHG
LQ WKH EXUQHGDUHDIL[HG ILWWLQJ 7KH WKUHH JURXSV RI LQFLGHQWV H[DPLQHG DOO VKRZ
LPSURYHG GHWHFWLRQ WLPHV ZLWK XVH RI WKH WKUHVKROG DOJRULWKP DV RSSRVHG WR WKH
/(2 DFWLYH ILUH SURGXFWV 2I SDUWLFXODU QRWH LV WKH LPSURYHPHQW LQ GHWHFWLRQ WLPHV


 'LVFXVVLRQ
ULWKP VHHPV WR EH H[FOXVLYHO\ DVVRFLDWHG ZLWK WKH JURXS RI GHWHFWLRQV VROHO\ IURP
WKH 02',6 DFWLYH ILUH SURGXFW ZLWK RQO\ WZR ILUHV ORVW LQ WKH . WKUHVKROG IURP
ILUH GHWHFWLRQV DVVRFLDWHG ZLWK 9,,56 7KLV PD\ VXJJHVW DQ LQFUHDVHG UDWH RI IDOVH
SRVLWLYHV LQ WKH DUHD RI VWXG\ IURP WKH 02',6 SURGXFW LV EHLQJ LVRODWHG E\ WKLV
VHOHFWLRQ FULWHULD
 'LVFXVVLRQ
:KLOVW WKH $+, VHQVRU KDV VKRZQ LPSUHVVLYH XWLOLW\ IRU ILUH GHWHFWLRQ LQ WKLV VWXG\
WKH ODFN RI YDOLGDWHG SURGXFWV IURP WKH VHQVRU GDWD UHPDLQV DQ LVVXH IRU DGRSWLRQ
RI WKLV WKUHVKROGLQJ PHWKRG $V QRWHG LQ >@ WKH DELOLW\ WR DFFXUDWHO\ HYDOXDWH
UDWHV RI IDOVH GHWHFWLRQ LV LPSHGHG E\ WKH ODFN RI DQ DFFXUDWH YHULILHG FORXG PDVN
SURGXFW IRU WKH $+, VHQVRU &RPPLVVLRQ HUURUV IRU FORXG FRYHU DUH SDUWLFXODUO\
SUHYDOHQW LQ FRDVWDO DUHDV DQG GXULQJ QLJKWWLPH SHULRGV 7KH DGMXVWPHQW PDGH
WR WKH FOHDU VN\ SURGXFW IRU QLJKWWLPH XVH LQ WKLV VWXG\ LV E\ QR PHDQV D FRP
SUHKHQVLYH IL[ EXW FRQVLGHULQJ WKH DYHUDJH RI RYHUQLJKW WHPSHUDWXUHV LQ WKH DUHD
DW WKH WLPH RI WKH \HDU RI WKH VWXG\ FRXSOHG ZLWK WKH WURSLFDO FOLPDWH DQG ODFN RI
KLJK HOHYDWLRQ DUHDV EULJKWQHVV WHPSHUDWXUHV DW WKH ORZ OHYHO VSHFLILHG DUH UDUHO\
QRW DVVRFLDWHG ZLWK FORXG FRYHU 7KHUH DUH RQJRLQJ LVVXHV ZLWK FORXG RPLVVLRQ
IURP WKH FORXG SURGXFW HVSHFLDOO\ ZLWK WKLQQHU FORXGV WKDW PD\ QRW EH GHWHFWHG
E\ D FORXG SURGXFW EXW VWLOO LQIOXHQFH WKH EULJKWQHVV WHPSHUDWXUHV UHFRUGHG E\
WKH VHQVRU DQG GHFUHDVH GDLO\ DYHUDJH WHPSHUDWXUHV ,I VXIILFLHQW FORXG LV SUHVHQW
IRU D SHULRG WKH VXGGHQ DEVHQFH RI FORXG ZLOO FDXVH WHPSHUDWXUH VSLNHV DQG OHDG
WR IDOVH SRVLWLYHV &ORXG PDVN DFFXUDF\ LPSURYHPHQW ZLOO DOORZ IRU D ULJRURXV
DVVHVVPHQW RI WKH PHWKRG·V FRPPLVVLRQ UDWH LQ OHVV WKDQ LGHDO FRQGLWLRQV 7KH
$+, VHQVRU DOVR VXIIHUV IURP VRPH LPDJH UHJLVWUDWLRQ LVVXHV ZKLFK FDXVH SHULRGLF
VKLIWLQJ LQ EULJKWQHVV WHPSHUDWXUH YDOXHV ZKLFK LV HVSHFLDOO\ QRWDEOH LQ DUHDV RI
KLJK WHPSHUDWXUH FRQWUDVW VXFK DV FRDVWDO DUHDV
,Q RUGHU WR LQYHVWLJDWH WKH GLVWULEXWLRQ RI OLNHO\ FDXVHV IRU DQRPDO\ GHWHFWLRQ
D IXUWKHU YLVXDO DQDO\VLV RI WKH DOJRULWKP GHWHFWLRQV IURP WKH . GDWDVHW IURP
6HFWLRQ  ZDV FRQGXFWHG ,QFLGHQWV ZHUH EURNHQ LQWR WKUHH FDWHJRULHV ² GHWHF
WLRQV FDXVHG E\ VXGGHQ HOHYDWLRQ RI EULJKWQHVV WHPSHUDWXUHV ZKLFK UHIOHFW ILUH
DFWLYLW\ GHWHFWLRQV FDXVHG E\ H[FHVVLYH FORXG QRW FDSWXUHG E\ WKH FOHDU VN\ SURG
XFW ZKLFK OHDG WR SRRU WHPSHUDWXUH ILWWLQJ DQG DQRPDOLHV ZLWK QR LPPHGLDWHO\
DSSDUHQW FDXVH ([DPSOHV RI WKHVH DVVHVVHG FODVVHV FDQ EH VHHQ LQ )LJXUH  ,Q
LQVWDQFHV ZKHUH DQ $+, SL[HO KDG D UHFRUGHG 02',6 EXUQHG DUHD GHWHFWLRQ ZLWKLQ
WKH  KRXU SHULRG DIWHU ILWWLQJ FRPPHQFHG WKH FDXVH RI DWWULEXWLRQ LQ  RI
FDVHV ZDV GXH WR ILUH DFWLYLW\ GHWHFWDEOH IURP $+, :KHUH QR EXUQHG DUHD GHWHF
WLRQ RFFXUUHG  RI GHWHFWLRQV IURP WKH WKUHVKROGLQJ PHWKRG ZHUH DQRPDOLHV


 'LVFXVVLRQ
ZLWK D GHWHFWLRQ UDWH FORVHU WR  DW WKH ODUJHU . WKUHVKROG )RU ILUHV WKDW DUH
VPDOOHU WKDQ WKH GHWHFWLRQ FDSDELOLW\ RI 02',6 EXW FDQ EH GHWHFWHG E\ WKH P
9,,56 SURGXFW GHWHFWLRQ UDWHV GURS WR DURXQG  DW . DQG DURXQG  DW .
7KHVH QXPEHUV VXJJHVW WKDW GHVSLWH WKH VPDOOHU VL]HV RI WKH ILUHV GHWHFWHG VROHO\
E\ WKH 9,,56 DFWLYH ILUH SURGXFW ILUH DFWLYLW\ LQ WKHVH SL[HOV ZLOO LQFUHDVH DW VRPH
WLPH EHIRUH RU DIWHU WKH /(2 GHWHFWLRQ WR D PDJQLWXGH WKDW FDQ EH GHWHFWHG IURP
WKH ODUJHU DUHD SL[HO UHFRUGHG E\ WKH JHRVWDWLRQDU\ VDWHOOLWH 7KLV OHDGV WR WKH VHQ
VRU·V LQFUHDVHG UHYLVLW UDWH EHLQJ PRUH WKDQ FDSDEOH RI PDNLQJ XS IRU WKH VSDWLDO
UHVROXWLRQ VKRUWIDOO RI WKLV JHRVWDWLRQDU\ VHQVRU LQ D ILUH GHWHFWLRQ UROH DQG UHLQ
IRUFHV JHRVWDWLRQDU\ GHWHFWLRQ EHKDYLRXU QRWHG E\ >@ LQ WKHLU VWXG\ RQ 6(9,5,
DFWLYH ILUH GDWD
2I PRVW LQWHUHVW IURP WKH GHWHFWLRQ UHVXOWV LV WKH LQFUHDVH LQ GHWHFWLRQ FDSD
ELOLW\ IRU ILUHV ZKLFK DUH QRW GHWHFWHG E\ HLWKHU RI WKH /(2 DFWLYH ILUH SURGXFWV
*LYHQ ILUHGULYHQ GLVWXUEDQFH GHWHFWHG E\ WKH EXUQHG DUHD SURGXFW XVHG KHUH WKH
WKUHVKROG DOJRULWKP GHWHFWV DFWLYH ILUH LQ  RI LQVWDQFHV DW . GRZQ WR  RI
LQVWDQFHV DW . )LUHV GHWHFWHG LQ WKLV VHW JHQHUDOO\ WDNH WKH IRUP RI VKRUWOLYHG
LQWHQVH IODPLQJ SHULRGV ZLWK W\SLFDO ULVHV LQ UHFRUGHG EULJKWQHVV WHPSHUDWXUH
RI EHWZHHQ  . IURP WKH W\SLFDO EDFNJURXQG ILWWLQJ DQG DFWLYH GXUDWLRQV RI
IRXU KRXUV RU OHVV $ IXUWKHU LQVSHFWLRQ RI WKLV GDWDVHW UHYHDOHG WKDW RI WKH 
GHWHFWLRQV IURP WKH QR DFWLYH ILUH VHW RI SL[HOV DW .  RI WKHVH LQVWDQFHV KDG
D GHWHFWLRQ IURP WKH WKUHVKROG DOJRULWKP DW D SRLQW LQ WLPH V\QFKURQRXV ± 
PLQXWHV ZLWK D 02',6 VHQVRU RYHUSDVV 'HVSLWH SRWHQWLDO LVVXHV VXFK DV YLHZ
LQJ DQJOH REVFXUDWLRQ GXH WR VPRNH DQG FORXG DQG WKH SRWHQWLDO GLIIHUHQFHV LQ
WKH DWWULEXWLRQ RI EDFNJURXQG WHPSHUDWXUH FRQVLGHULQJ WKH FRQWH[WXDO QDWXUH RI
WKH 02',6 DFWLYH ILUH DOJRULWKP WKLV LV D VHHPLQJO\ KLJK QXPEHU RI RPLVVLRQV
E\ WKLV DFWLYH ILUH SURGXFW LQ WKLV DUHD DOWKRXJK WKHVH QXPEHUV DJUHH ZLWK WKRVH
IURP >@ FRQFHUQLQJ WKH 02',6 SURGXFW $SSOLFDWLRQ RI WKH WKUHVKROGLQJ ILUH GH
WHFWLRQ WHFKQLTXH LV UHTXLUHG RYHU D ZLGHU UDQJH RI DUHDV DQG ZHDWKHU FRQGLWLRQV
ZLWK VLPLODU FRPSDULVRQV WR /(2 RYHUSDVV WLPHV LQ RUGHU WR GHWHUPLQH ZKHWKHU
WKLV KHLJKWHQHG /(2 RPLVVLRQ UDWH RFFXUV GXH WR WKH SK\VLFDO JHRJUDSK\ RI WKH VH
OHFWHG DUHD RU ZKHWKHU LW LV PRUH V\VWHPDWLF LQ QDWXUH 2QFH DJDLQ WKH GHWHFWLRQ
LQVWDQFHV ZKHUH QR /(2 DFWLYH ILUH GHWHFWLRQ H[LVWV GHPRQVWUDWH WKH HIIHFWLYHQHVV
RI DQ LQFUHDVHG UDWH RI LPDJLQJ IRU GHWHFWLRQ RI DFWLYH ILUH
$ QXPEHU RI SRWHQWLDO VRXUFHV RI HUURU PD\ DIIHFW WKH UHVXOWV REWDLQHG LQ WKH
GHWHFWLRQ DQDO\VLV 7KH DFFXUDF\ RI WKH EXUQHG DUHD SURGXFW XVHG >@ LV DIIHFWHG
E\ UDLQIDOO HYHQWV LQ VSDUVHO\ YHJHWDWHG DUHDV ZKLFK UHGXFH VXUIDFH UHIOHFWDQFH
DOEHLW WR D PXFK OHVVHU H[WHQW WKDQ ILUH ,I WKHUH LV D VLJQLILFDQW DPRXQW RI FORXG
FRYHU FDXVLQJ EXUQHG DUHD SURGXFW FRPPLVVLRQ HUURUV WKLV PD\ FDXVH LQVWDELOLW\
LQ WKH ILWWLQJ PRGHO DQG OHDG WR WKUHVKROGLQJ GHWHFWLRQ HUURUV /DFN RI DFFXUDF\
LQ GHWHUPLQLQJ WKH WLPH RI ILUVW GLVWXUEDQFH LQ D SL[HO FDQ DOVR OHDG WR DFWLYH ILUH

 $GYDQFHV LQ $FWLYH )LUH 'HWHFWLRQ 8VLQJ D 0XOWL7HPSRUDO 0HWKRG IRU
1H[W*HQHUDWLRQ *HRVWDWLRQDU\ 6DWHOOLWH 'DWD
DFWLYLW\ EHLQJ PLVVHG HVSHFLDOO\ LQ WKH FDVH RI FORXG REVFXUDWLRQ RI WKH 02',6 LP
DJHV XVHG 7KHUH LV DOVR D VPDOO FKDQFH GXH WR VFDOLQJ LVVXHV WKDW ILUH GLVWXUEDQFH
LV GHWHFWHG LQ WKH 02',6 SL[HO SULRU WR WKH DFWLYH ILUH EHLQJ DEOH WR EH GHWHFWHG
DW JHRVWDWLRQDU\ VFDOHV 7KH WHPSRUDO ILWWLQJ ZLQGRZ VHWWLQJV XVHG LQ WKLV VWXG\
DUH E\ QR PHDQV GHILQLWLYH DQG WKH QDWXUH RI WKH UHVXOWV VXJJHVWV WKDW IOH[LELOLW\
LQ WKH WLPH SHULRG RI ILUH GHWHFWLRQ VHOHFWHG OHDGV WR HDUOLHU GHWHFWLRQ RI WKHUPDO
DQRPDOLHV ,VVXHV PD\ DOVR PDQLIHVW ZLWK WKH FODVVLILFDWLRQV XVHG WR DQDO\VH WKH
WKUHVKROG DOJRULWKP ZLWK WKH YDULRXV /(2 ILUH SURGXFWV /RFDWLRQV RI DOO WKUHH
/(2EDVHG SURGXFWV KDYH EHHQ FRQYHUWHG WR $+, FRRUGLQDWH VSDFH EHIRUH FRPSDU
LVRQ KDV RFFXUUHG DQG WKLV PD\ OHDG WR FROORFDWLRQ HUURUV EHWZHHQ SURGXFWV GXH
WR VDWHOOLWH WUDFNLQJ YLHZ DQJOH DQG WKH UHVDPSOLQJ RI /(2 SURGXFWV
:LWK UHJDUG WR WKH DELOLW\ RI $+, WR GHWHFW ILUHV DW WKH VDPH WLPH DV /(2 VHQVRU
SURGXFWV WKH QXPEHU RI VXFFHVVIXO V\QFKURQRXV GHWHFWLRQV FRPSDUHV ZHOO WR V\Q
FKURQRXV GHWHFWLRQV IURP >@ DOWKRXJK WKHUH DUH VRPH GLIIHUHQFHV ,Q WKLV VWXG\
WKH UHOHYDQW FRPSDULVRQ FODVVHV DUH WKRVH ZKLFK KDYH 02',6 DFWLYH ILUH GHWHFWLRQV
ZKLFK LQFOXGHV WKH FODVV WKDW FRQWDLQV GHWHFWLRQV IURP ERWK /(2 DFWLYH ILUH SURG
XFWV :KHQ HYDOXDWLQJ WKH GHWHFWLRQV IRU V\QFKURQLFLW\ ZKHUH ERWK /(2 DFWLYH ILUH
SURGXFWV DUH XVHG QR GLVWLQFWLRQ KDV EHHQ PDGH ZLWK UHJDUG WR ZKLFK /(2 GHWHF
WLRQ LV V\QFKURQRXV WR WKH $+, GHWHFWLRQ DQG PDQ\ RI WKHVH V\QFKURQRXV UHWXUQV
ZLOO UHODWH WR 9,,56 DFWLYH ILUH GHWHFWLRQV LQVWHDG 7KH >@ VWXG\ XVHG D VSDWLDO
ZLQGRZ RI  [  SL[HOV WR HYDOXDWH FRQFXUUHQW GHWHFWLRQV ZKHUHDV WKLV VWXG\ UHJ
LVWHUHG DOO /(2 GDWD LQ WKH $+, FRRUGLQDWH V\VWHP DQG H[DPLQHG WKH LQGLFDWHG $+,
SL[HO RQO\ 2I QRWH DOVR LV WKH WLPH ZLQGRZ XVHG IRU MXGJLQJ V\QFKURQLFLW\ LQ WKH
>@ SDSHU ZKLFK UHVWULFWV H[DPLQDWLRQ WR ±  PLQXWHV IURP WKH /(2 GHWHFWLRQ
RU DW PRVW RQH $+, LPDJH HLWKHU VLGH RI WKDW SRLQW LQ WLPH :KLOVW WKLV LV D ULJRU
RXV PHWKRG WR DVVHVV VLPXOWDQHRXV REVHUYDWLRQV WKLV XQGHUVHOOV WKH DELOLW\ RI WKH
JHRVWDWLRQDU\ VHQVRU WR GHWHFW ILUH DW D VLPLODU WLPH GXH WR WKH HSKHPHUDO QDWXUH
RI ILUH DFWLYLW\ $Q H[DPSOH RI WKLV FDQ EH IRXQG LQ )LJXUH  ZKHUH ILUH DFWLYLW\
LV TXLWH HDVLO\ GHWHFWHG EHIRUH DQG DIWHU WKH /(2 DFWLYH ILUH SURGXFW GHWHFWLRQ EXW
WKH UHODWLYH ODFN RI HOHYDWHG WHPSHUDWXUHV LQ WKH $+, UHFRUG DURXQG WKH WLPH RI
WKH /(2 RYHUSDVV OHDGV WR WKH SL[HO LQVWDQFH EHLQJ FODVVLILHG DV QRQV\QFKURQRXV
HYHQ ZKHQ ILUH DFWLYLW\ LV SUHVHQW 7KLV EHKDYLRXU LV HVSHFLDOO\ HYLGHQW ZLWK ILUHV
LQ WKH 9,,56$)RQO\ GDWDVHW ZKLFK WHQG WR FRPSULVH RI ILUHV ZLWK ORZHU DFWLYLW\
GXULQJ /(2 FDSWXUH WKDQ RWKHU JURXSV DQG WKLV PD\ H[SODLQ WKH UHGXFHG UDWH RI
V\QFKURQRXV FDSWXUH IRU WKLV JURXS *LYHQ WKH FKDQJLQJ ILUH DFWLYLW\ REVHUYHG LQ
PDQ\ H[DPSOHV RI WKLV W\SH DQG ZLWK UHILQHPHQW RI WKLV PHWKRG WKH DELOLW\ RI WKH
$+, VHQVRU WR GHWHFW ILUHV LQ LQVWDQFHV VXFK DV WKHVH PD\ EH XQGHUUHSUHVHQWHG LQ
WKH UHVXOWV UHSRUWHG KHUH
$V KDV EHHQ GLVFXVVHG SUHYLRXVO\ E\ >@ WKH DFFXUDF\ RI EDFNJURXQG WHPSHUD
WXUH ILWWLQJ UHGXFHV ZLWK DQ LQFUHDVHG QXPEHU RI WKHUPDO DQRPDOLHV %\ QDWXUH RI

 'LVFXVVLRQ
WKH ILWWLQJ PHWKRG XVHG IRU GHWHUPLQLQJ EDFNJURXQG WHPSHUDWXUH LQ WKLV LQVWDQFH
D ODUJH QXPEHU RI SRVLWLYH DQRPDOLHV LQ WKH GDWD WR EH ILWWHG ZLOO FDXVH WKH PHDQ
WHPSHUDWXUH RI WKH GD\ WR ULVH ZKLFK ZLOO UDLVH WKH FXUYH ILWWHG DFFRUGLQJO\ *LYHQ
WKH HYDOXDWLRQ PHWKRGV XVHG LQ WKLV SDSHU WKLV LV XQOLNHO\ WR PDQLIHVW DV D VRXUFH
RI RPLVVLRQ ² XQOHVV WKH EULJKWQHVV WHPSHUDWXUHV RI DQ HQWLUH  KRXU SHULRG DUH
XQLIRUPO\ UDLVHG E\ ILUH DFWLYLW\ JHQHUDOO\ SHDN SHULRGV RI ILUH DFWLYLW\ ZLOO RFFXU
GXULQJ D GLXUQDO F\FOH DQG EH VXEVHTXHQWO\ LGHQWLILHG 7KH PRGHO ILWWLQJ HUURUV
FDXVHG E\ LQFUHDVHG ILUH DFWLYLW\ SUHFOXGH XVH RI WKLV PHWKRG DV D ILUH PRQLWRU
LQJ WRRO DW WKLV SRLQW *LYHQ WKH LQWURGXFWLRQ RI D PRUH UHVLOLHQW ILWWLQJ WHFKQLTXH
ZKLFK IROORZV WKH LGHDO GLXUQDO F\FOH DQG WKH WKHRUHWLFDO EDFNJURXQG WHPSHUDWXUH
FXUYH PRUH HIIHFWLYHO\ WKLV PHWKRG PD\ EH DEOH WR EH H[WHQGHG LQWR SURYLGLQJ D
PHDVXUH RI ILUH UDGLDWLYH SRZHU IRU WKH LQLWLDO SHULRG RI DFWLYH ILUH LQFXUVLRQ EXW
ZRXOG PRVW OLNHO\ EH OLPLWHG WR H[DPLQDWLRQ RI WKH ILUVW  KRXUV RI ILUH DFWLYLW\
:KLOVW RQJRLQJ PRQLWRULQJ RI D ILUH·V VL]H DQG LQWHQVLW\ LV RI LQWHUHVW WR ERWK HFRO
RJLVWV DQG ODQG PDQDJHUV WKLV FDSDELOLW\ LV EH\RQG WKH VFRSH RI WKLV SDUWLFXODU
PHWKRG RI ILUH GHWHFWLRQ
8QGHUVWDQGDEO\ ZLWK WKH IDU KLJKHU QXPEHU RI LPDJHV RI DFWLYH ILUH UHFRUGHG
E\ WKH JHRVWDWLRQDU\ VHQVRU WKH PRVW PDUNHG LPSURYHPHQW LQ GHWHFWLRQ DELOLW\
LV LQ GHWHUPLQLQJ ILUH LJQLWLRQ WLPH DV SUHYLRXVO\ GHPRQVWUDWHG XVLQJ ERWK FRQ
WH[WXDO > @ DQG WHPSRUDO >@ EDVHG GHWHFWLRQ DOJRULWKPV ZLWK JHRVWDWLRQDU\
GDWD ,Q WKLV VWXG\ PHDQ YDOXHV IRU GHWHFWLRQ WLPH IRU WKH ZLQGRZ IL[HG E\ WKH
EXUQHG DUHD SURGXFW UDQJH IURP MXVW XQGHU WZR KRXUV LQ WKH FDVH RI 9,,56 DQG WKH
FRQVHUYDWLYH . WKUHVKROG XS WR EH\RQG  KRXUV HDUOLHU ZLWK 02',6 DFWLYH ILUH DW
. ZLWK GHWHFWLRQ WLPHV LPSURYLQJ DFURVV WKH ERDUG ZLWK WKUHVKROG WHPSHUDWXUH
UHGXFWLRQ ,PSURYHPHQWV LQ WKH DFFXUDF\ RI ILWWLQJ ZLOO OLNHO\ LQFUHDVH WKH WLPH
GLIIHUHQFHV EHWZHHQ WKH /(2 SURGXFWV DQG WKH WKUHVKROG DOJRULWKP IXUWKHU
7KH H[WUHPH GHWHFWLRQ WLPH LPSURYHPHQWV DVVRFLDWHG ZLWK WKH WKUHVKROG DOJR
ULWKP LQ WKH 02',6 DFWLYH ILUH GHWHFWLRQ GDWDVHW PRVW OLNHO\ KDV PRUH WR GR ZLWK
WKH GDWDVHW VHOHFWLRQ FULWHULD WKDQ DQ\WKLQJ HOVH )LUHV WKDW DUH GHWHFWHG XVLQJ WKH
02',6 DFWLYH ILUH SURGXFW H[FOXVLYHO\ DUH PRUH OLNHO\ WR RFFXU RQ GD\V RI VSRUDGLF
FORXG DFWLYLW\ ZKHUH WKH  ²  PHDVXUHPHQWV RI 02',6 JLYH D JUHDWHU FKDQFH RI
GHWHFWLRQ WKDQ WKH WZR LPDJHV DYDLODEOH WKURXJK 9,,56 7KH ILWWLQJ SURFHVV XVHG
IRU WKH WKUHVKROG DOJRULWKP LV YXOQHUDEOH WR LQFUHDVHG PRGHO LQVWDELOLW\ RQ GD\V
RI LQFUHDVHG FORXG FRYHU ZKLFK PD\ OHDG WR LQFUHDVHG FRPPLVVLRQ HUURU LQ FRQ
GLWLRQV RI WKLV W\SH *LYHQ WKH YHU\ VPDOO WRWDO RI 02',6RQO\ ILUHV ZLWK UHVSHFW
WR WKH WRWDO EXUQHG DUHD UHODWHG GDWDVHW LW LV SRVVLEOH WKDW WKLV VXEVHW RI SL[HOV
DOVR FRQWDLQV DQ LQIODWHG QXPEHU RI 02',6 DFWLYH ILUH FRPPLVVLRQV DOWKRXJK WKLV
WHQGV QRW WR EH ERUQH RXW LQ WKH GHWHFWLRQ UDWHV SUHVHQWHG
2I QRWH KHUH DOVR LV WKH VLJQLILFDQW LPSURYHPHQW RI WKH WKUHVKROG DOJRULWKP
LQ GHWHFWLRQ WLPH RI ILUH DFWLYLW\ IRU ILUHV VROHO\ GHWHFWHG E\ WKH 9,,56 DFWLYH ILUH

 $GYDQFHV LQ $FWLYH )LUH 'HWHFWLRQ 8VLQJ D 0XOWL7HPSRUDO 0HWKRG IRU
1H[W*HQHUDWLRQ *HRVWDWLRQDU\ 6DWHOOLWH 'DWD
SURGXFW RQFH WKH VKLIWHG WHPSRUDO ZLQGRZ LV DSSOLHG 1RWZLWKVWDQGLQJ WKH UDQ
GRP HOHPHQW RI FORXG REVFXUDWLRQ IURP YLVXDO H[DPLQDWLRQ RI WKH $+, WHPSHUD
WXUH GDWD WKH PDMRULW\ RI ILUHV IRXQG H[FOXVLYHO\ E\ WKH 9,,56 DFWLYH ILUH SURGXFW LQ
WKLV FDVH DUH DUHDV ZKHUH WKH SHDN ILUH DFWLYLW\ RFFXUV ZHOO EHIRUH WKH 9,,56 RYHU
SDVV DQG WKH 9,,56 SURGXFW GHWHFWV OLQJHULQJ EXUQLQJ DQG VPRXOGHULQJ DFWLYLW\
LQ WKH SRVWEXUQ SL[HO 6KLIWLQJ WKH WHPSRUDO ZLQGRZ KHOSV WKH LQLWLDO GHWHFWLRQ
RI ILUH E\ VLJQLILFDQWO\ LQFUHDVLQJ WKH DPRXQW RI ILUHIUHH GLXUQDO VLJQDO WKH ILWWLQJ
SURFHVV FDQ XVH ZKLFK OHDGV WR D PRUH DFFXUDWH HVWLPDWLRQ RI WKH EDFNJURXQG
WHPSHUDWXUH DW WKH ILUH·V LJQLWLRQ WLPH
%\ QDWXUH RI WKH WLPLQJ RI WKH DFWLYH ILUH DQG EXUQHG DUHD SURGXFWV XVHG WKHUH
ZLOO EH LVVXHV ZLWK WKH H[DFW FRPSDULVRQ RI WKH $+, DFWLYH ILUH SURGXFW DQG WKH
YDULRXV DFWLYH ILUH DQG EXUQHG DUHD SURGXFWV SURGXFHG E\ WKH /(2 VHQVRUV LQ WKH
WLPH SHULRGV VSHFLILHG )RU LQVWDQFH D EXUQHG DUHD SURGXFW JHQHUDOO\ UHTXLUHV WKH
XVH RI YLVLEOH EDQG LPDJHU\ WR GHWHFW FKDQJHV LQ VXUIDFH UHIOHFWLRQ ZKLFK LV QRW
SRVVLEOH WR GHWHFW DW QLJKW 7KLV UHVWULFWV WKH WULJJHULQJ RI WKH WHPSRUDO ZLQGRZ
IRU WHPSHUDWXUH ILWWLQJ HLWKHU WR WKH PRUQLQJ RU DIWHUQRRQ 02',6 RYHUSDVV ZLWK
PRUQLQJ EXUQHG DUHD GHWHFWLRQV FRUUHVSRQGLQJ URXJKO\ WR ILUH DFWLYLW\ GXULQJ WKH
SUHYLRXV GD\ DQG DIWHUQRRQ GHWHFWLRQV FRUUHVSRQGLQJ WR ILUH DFWLYLW\ LQ WKH LPPH
GLDWH KRXUV SULRU WR WKH VHQVRU RYHUSDVV 7KLV LQYDULDEO\ OHDGV WR WKH HQGV RI WKH
ILWWLQJ SURFHVV RFFXUULQJ GXULQJ WKH PRUH UDSLGO\ FKDQJLQJ GD\WLPH SHULRG DQG
PD\ PDQLIHVW LQ ODUJHU WHPSHUDWXUH DWWULEXWLRQ HUURUV WKDQ LI WKH ILWWLQJ WLPHV
ZHUH PRUH HYHQO\ GLVWULEXWHG DFURVV WKH GLXUQDO F\FOH
7KLV VWXG\ KDV VKRZQ WKH UHVXOWV RI DQRPDO\ GHWHFWLRQ XVLQJ WKH %$7EDVHG
WHPSHUDWXUH ILWWLQJ WHFKQLTXH DW D QXPEHU RI WHPSHUDWXUH WKUHVKROGV $VVHVV
LQJ WKH LGHDO WHPSHUDWXUH WKUHVKROG WR XVH IRU WKLV SDUWLFXODU DUHD DW WKH WLPH RI
WKH VWXG\ LV DQ H[HUFLVH LQ EDODQFLQJ SRWHQWLDOO\ KHLJKWHQHG IDOVH GHWHFWLRQ UDWHV
DVVRFLDWHG ZLWK ORZHU WHPSHUDWXUH WKUHVKROGV ZLWK WKHLU VXSHULRU GHWHFWLRQ FD
SDELOLWLHV FRPSDUHG WR KLJKHU WKUHVKROGV ,PSURYHPHQWV LQ WKH DFFXUDF\ RI WKH
ILWWLQJ PHWKRG XVHG ZLOO UHGXFH WKH GHWHFWLRQ HUURUV DVVRFLDWHG ZLWK WKLV WHFK
QLTXH DQG PD\ DOORZ IRU IXUWKHU UHGXFWLRQV LQ GHWHFWLRQ WKUHVKROG WHPSHUDWXUHV
$SSOLFDWLRQ RI WKLV PHWKRG RI ILUH GHWHFWLRQ RYHU GLIIHULQJ ODQGIRUPV ODQG FRYHU
W\SHV YLHZLQJ DQJOHV DQG WLPHV RI WKH \HDU ZLOO IXUWKHU DVVLVW LQ WKH DSSURSULDWH
VHOHFWLRQ RI GHWHFWLRQ WKUHVKROGV RYHU ZLGHU DUHDV RI WKH $+, IXOO GLVN
 &RQFOXVLRQV
7KLV SDSHU RXWOLQHV D PHWKRG RI ILUH GHWHFWLRQ XWLOLVLQJ WKH WUDLQLQJ GDWD DFTXL
VLWLRQ PHWKRG RXWOLQHG LQ >@ WR SURYLGH ILWWLQJ LQIRUPDWLRQ IRU P EULJKWQHVV
WHPSHUDWXUHV GHULYHG IURP WKH $+, VHQVRU RYHU SDUW RI QRUWKHUQ $XVWUDOLD 7KLV

 7KHVLV &RQWH[W
ILWWLQJ RI WKH LGHDOLVHG EDFNJURXQG WHPSHUDWXUH LV WKHQ XVHG WR SURYLGH D EDVH
OLQH IRU WKUHVKROGLQJ RI WKH VHQVRU EULJKWQHVV WHPSHUDWXUH LQIRUPDWLRQ WR SUR
YLGH D PHWKRG RI GHWHUPLQLQJ WKH WLPH DQG SURSHQVLW\ RI WKHUPDO DQRPDOLHV 7KH
PHWKRG LV FDSDEOH RI GHWHFWLRQ RI EHWZHHQ  ²  RI WKHUPDO DQRPDOLHV UH
SRUWHG E\ DVVRFLDWHG /(2 SURGXFWV GXULQJ WKH SHULRG RI VWXG\ GHSHQGLQJ XSRQ
WKH WKUHVKROG VHOHFWHG ZLWK VLPLODU IUHTXHQF\ RI V\QFKURQRXV GHWHFWLRQV LQ FRP
SDULVRQ WR RWKHU VWXGLHV RI WKLV W\SH 7KH PHWKRG DOVR GHWHFWV EHWZHHQ  ² 
RI ILUHV ZKLFK KDYH D GHWHFWLRQ IURP EXUQHG DUHD UHFRUGV EXW ZKLFK KDYH QR GH
WHFWLRQ XVLQJ HLWKHU RI WKH /(2 DFWLYH ILUH SURGXFWV H[DPLQHG 6LJQLILFDQW LPSURYH
PHQWV LQ WKH LQLWLDO WLPH RI GHWHFWLRQ RI ILUH DFWLYLW\ KDYH DOVR EHHQ DFKLHYHG ZLWK
GHWHFWLRQ WLPH GLIIHUHQFHV RI  ² K LQ IDYRXU RI WKLV PHWKRG RYHU GHWHFWLRQV IURP
WKH H[DPLQHG /(2 ILUH SURGXFWV 7KLV VWXG\ VXSSRUWV WKH FRQFOXVLRQV RI SUHYLRXV
ZRUN RQ WKH $+, VHQVRU WKDW KLJKOLJKW LWV DELOLW\ WR DFFXUDWHO\ GHWHFW DQG DWWULEXWH
VPDOOHU ILUHV WKDQ SUHYLRXV JHRVWDWLRQDU\ VHQVRUV EXW DOVR GHPRQVWUDWHV WKH HI
IHFWLYHQHVV RI WKH QHZ JHQHUDWLRQ RI JHRVWDWLRQDU\ VHQVRUV LQ GHWHFWLQJ WKHUPDO
DQRPDOLHV WKDW PD\ QRW EH GHWHFWHG E\ /(2 DFWLYH ILUH SURGXFWV :LWK WKH VLPLODU
LWLHV EHWZHHQ WKH $+, VHQVRU DQG WKH QHZO\ ODXQFKHG *2(6$%, VHQVRU WKLV ZRUN
ZLWK VRPH DGMXVWPHQWV VKRXOG EH GLUHFWO\ DSSOLFDEOH WR ILUH GHWHFWLRQ VWXGLHV XV
LQJ WKLV QHZ VHQVRU LQ WKH ZHVWHUQ KHPLVSKHUH
 7KHVLV &RQWH[W
7KLV FKDSWHU H[DPLQHG WKH XVH RI WKH %URDG $UHD 7UDLQLQJ WHFKQLTXH IRU DQRPDO\
GHWHFWLRQ SXUSRVHV LQ FRPSDULVRQ WR FRPPRQO\ XVHG ILUH GHWHFWLRQ SURGXFWV IURP
ORZ HDUWK RUELWLQJ VHQVRUV &RQVLGHULQJ WKH FRPSOH[LW\ RI WKH %$7 SURFHVV DQG
WKH GLIILFXOWLHV LQYROYHG ZLWK DSSO\LQJ VXFK D WHFKQLTXH WR LPDJHV FDSWXUHG IURP
ORZ HDUWK RUELWLQJ VHQVRUV SRWHQWLDO XVHV RI WKH %$7 PHWKRG DUH FXUUHQWO\ PRUH
OLPLWHG WKDQ GHVLUDEOH 7KH QH[W FKDSWHU LQWURGXFHV D FKDQJH RI GLUHFWLRQ ZLWK
UHJDUG WR EULJKWQHVV WHPSHUDWXUH HVWLPDWLRQ ZKLFK LV OHVV EDVHG XSRQ VWRFKDVWLF
PRGHOOLQJ RI XSZHOOLQJ UDGLDWLRQ WUHQGV DQG PRUH XSRQ OHYHUDJH RI UHDO PHDVXUH
PHQWV IURP SUHGLFWLRQ LPDJHV


$ 1HZ 6SDWLR7HPSRUDO 6HOHFWLRQ
$OJRULWKP IRU (VWLPDWLQJ 8SZHOOLQJ
0HGLXP:DYH 5DGLDWLRQ

 $ 1HZ 6SDWLR7HPSRUDO 6HOHFWLRQ $OJRULWKP IRU (VWLPDWLQJ 8SZHOOLQJ 0HGLXP:DYH
5DGLDWLRQ
 ,QWURGXFWLRQ
5HPRWH VHQVLQJ LV D SRZHUIXO WRRO RIWHQ XVHG WR LQYHVWLJDWH FKDQJHV LQ WKH ODQG
VFDSH RYHU WLPH DQG KDV EHHQ HPSOR\HG LQ WKLV ZD\ DFURVV DSSOLFDWLRQV LQFOXGLQJ
YHJHWDWLRQ FKDQJH >@ XUEDQ JURZWK >@ DQG GLVDVWHU UHVSRQVH >@ 7KH PDSSLQJ
RI FKDQJH LQ WKH SK\VLFDO HQYLURQPHQW UHTXLUHV VRPH NQRZOHGJH RI WKH VWDWH RI
WKH ODQGVFDSH SUHFKDQJH LQ RUGHU WR GHWHUPLQH WKH QDWXUH DQGPDJQLWXGH RI VXFK
FKDQJHV >@ ,Q DQ LGHDO FDVH FKDQJH WUDFNLQJ ZRXOG PDNH XVH RI GDWD WKDW VSDQV
WKH WHPSRUDO GRPDLQ DV ZHOO DV WKH VSDWLDO GRPDLQ *LYHQ NQRZOHGJH DERXW KRZ
WKH HDUWK·V VXUIDFH UHDFWV WR QRPLQDO SK\VLFDO SKHQRPHQD RYHU WLPH SUHGLFWLRQV
FDQ EH PDGH DERXW D ODQGVFDSH·V H[SHFWHG EHKDYLRXU DW D VXEVHTXHQW SRLQW LQ
WLPH 7KLV LQIRUPDWLRQ FDQ WKHQ EH OHYHUDJHG WR SURYLGH D PHWKRG RI LVRODWLQJ
DQG LGHQWLI\LQJ DQRPDORXV ODQGVFDSHOHYHO EHKDYLRXU DORQJ ZLWK LGHQWLI\LQJ RE
VFXULQJ LQIOXHQFHV VXFK DV FORXG VPRNH DQG ILUH E\ FRPSDULQJ D SUHGLFWHG LPDJH
WR GDWD UHFRUGHG µLQ UHDOLW\µ
)LUH GHWHFWLRQ LV D ZHOO HVWDEOLVKHG DSSOLFDWLRQ RI UHPRWH VHQVLQJ ZLWK PDQ\
FRPPRQO\ XVHG SURGXFWV SURGXFHG IURP ERWK ORZHDUWK RUELW DQG JHRVWDWLRQDU\
VHQVRUV >   @ 7KH PRVW LPSRUWDQW HOHPHQW RI WKH HOHFWURPDJQHWLF VSHF
WUXP IRU WKHVH SXUSRVHV LV WKH 0HGLXP:DYH ,QIUD5HG 0:,5 ²P ZKHUH
SHDN HPLVVLRQ IURP WKH ILUH HQHUJ\ VRXUFH RFFXUV ([FHVV UDGLDWLRQ DW WKLV ZDYH
OHQJWK DOORZV ILUH WR EH GHWHFWHG ZKHQ LW FRQVWLWXWHV RQO\ D VPDOO SRUWLRQ RI DQ
LPDJH VHJPHQW GRZQ WR ≈ 10−5 RI D SL[HO >@ (VWLPDWLQJ XSZHOOLQJ UDGLDWLRQ
DW WKLV ZDYHOHQJWK LV FRPSOLFDWHG E\ WKH GXDO VRXUFH QDWXUH RI HOHFWURPDJQHWLF
HQHUJ\ ZLWK FRPSRQHQWV PDGH XS RI WKHUPDO HPLVVLRQ DQG VRODU UHIOHFWLRQ >@
'HWHFWLRQ DOJRULWKPV VXFK DV WKRVH LQ >@ UHO\ XSRQ WKH GLIIHUHQFH RI WKH FDQGL
GDWH ILUH SL[HO IURP D UHIHUHQFH EDFNJURXQG YDOXH *HQHUDOO\ WKLV UHIHUHQFH YDOXH LV
GHULYHG IURP D FRQYROXWLRQVW\OH ILOWHULQJ DSSURDFK ZKHUH YDOXHV IURP VXUURXQG
LQJ SL[HOV DUH DYHUDJHG WR SURYLGH WKH WHPSHUDWXUH HVWLPDWH $ FRPSUHKHQVLYH
H[DPLQDWLRQ RI WKLV SUDFWLFH ZDV XQGHUWDNHQ LQ >@ ZKLFK KLJKOLJKWHG VKRUWFRP
LQJV LQ WKH XVH RI VXFK D PHWKRG HVSHFLDOO\ LQ DUHDV RI KLJK VSDWLDO IUHTXHQF\ LH
KHWHURJHQHRXV ODQGVFDSHV 7KH VWXG\ VKRZHG WKH FRQWH[WXDO GHULYDWLRQ RI WHP
SHUDWXUH DFWHG LQ D PDQQHU VLPLODU WR DQ HGJH GHWHFWRU LQ DUHDV H[KLELWLQJ UDSLG
VSDWLDO FKDQJHV LQFUHDVLQJ HUURUV LQ WHPSHUDWXUH HVWLPDWLRQ YDULDELOLW\ 7KHVH
DUHDV DUH RIWHQ RI YLWDO LPSRUWDQFH IRU ILUH GHWHFWLRQ SXUSRVHV DV WKH\ DUH RIWHQ
IRXQG RQ WKH HGJHV RI DUHDV RI DQWKURSRPRUSKLF FKDQJH ERXQGDULHV EHWZHHQ
IRUHVWV DQG XUEDQ DUHDV HVSHFLDOO\
7KLV FKDSWHU KDV EHHQ VXEPLWWHG IRU SXEOLFDWLRQ DV +DOO\ % :DOODFH / 5HLQNH . 	 -RQHV 6
 $ 1HZ 6SDWLR7HPSRUDO 6HOHFWLRQ $OJRULWKP IRU (VWLPDWLQJ 8SZHOOLQJ 0HGLXP:DYH 5DGLDWLRQ
WR ,((( 7UDQVDFWLRQV LQ *HRVFLHQFH DQG 5HPRWH 6HQVLQJ

 6SDWLR7HPSRUDO 6HOHFWLRQ
7KH SUDFWLFH RI XVLQJ FRQYROXWLRQ ILOWHULQJ IRU HVWLPDWLRQ RI 0:,5 EDFNJURXQG
UDGLDWLRQ LV EDVHG XSRQ WKH VSDWLDO DXWRFRUUHODWLRQ HIIHFW ZKHUH DUHDV QHDU WR D
VSHFLILF ORFDWLRQ DUH DVVXPHG WR H[KLELW FKDUDFWHULVWLFV PRUH VLPLODU WR WKDW ORFD
WLRQ WKDQ WKRVH IXUWKHU DZD\ >@ 7KH WRS RI DWPRVSKHUH VRODU UDGLDWLRQ FRPSR
QHQW RI DQ XSZDUG ZHOOLQJ VLJQDO ZLOO VWURQJO\ DGKHUH WR EHKDYLRXU VLPLODU WR WKLV
GXH WR LWV VWURQJ UHODWLRQVKLS ZLWK VRODU D]LPXWK DQG ]HQLWK DQJOHV >@ 6XUIDFH
FKDUDFWHULVWLFV VXFK DV WKH VORSH DQG DVSHFW RI D VXUIDFH ODQG FRYHU W\SH DQG ZD
WHU ERGLHV FDQ DOO DIIHFW WKH UHVXOWDQW VLJQDO HPDQDWLQJ IURP D SL[HO +RZHYHU LQ
DUHDV ZKHUH KXPDQ DFWLYLW\ KDV FUHDWHG IUHTXHQW GLVFUHWH DQG DEUXSW FKDQJHV LQ
D ODQGVFDSH WKH VWURQJ VLPLODULWLHV IRXQG LQ XQWRXFKHG ODQGVFDSHV DUH OHVV OLNHO\
WR KROG WUXH ,Q PDQ\ FDVHV WKH OLNHOLKRRG LV KLJK WKDW DUHDV H[LVW RXWVLGH RI WKH
LPPHGLDWH SUR[LPLW\ RI D WDUJHW SL[HO WKDW PRUH FRPSUHKHQVLYHO\ FKDUDFWHULVH
WKH VLJQDO RI D ORFDWLRQ WKDQ WKRVH FORVHU E\ *LYHQ WKDW W\SLFDO SKHQRPHQD WKDW
PD\ REVFXUH XSZDUG ZHOOLQJ VLJQDO IURP D FDQGLGDWH SL[HO ILUHV IRU LQVWDQFH ZLOO
GLVSOD\ D KLJK OHYHO RI VSDWLDODXWRFRUUHODWLRQ WKHPVHOYHV DQG DUH PRUH OLNHO\ WR
LQIOXHQFH DUHDV SUR[LPDO WR D SRWHQWLDO WDUJHW KDYLQJ D PHWKRG RI HVWLPDWLRQ RI
UDGLDWLRQ WKDW LV OHVV UHOLDQW RQ WKH ORFDO DUHD PD\ DOVR SURYLGH JUHDWHU UREXVWQHVV
LQ D VROXWLRQ
7KLV VWXG\ VHHNV WR LQWURGXFH D QHZ PHWKRG RI EULJKWQHVV WHPSHUDWXUH HVWL
PDWLRQ LQ WKH 0:,5 EDVHG XSRQ GHWHUPLQDWLRQ RI ORFDWLRQV WKDW PRUH FORVHO\
UHVHPEOH WKH EHKDYLRXU RI 0:,5 UDGLDWLRQ RI WKH WDUJHW SL[HO ZLWK D GHILQHG ORFDO
UHJLRQ 7KLV 6SDWLR7HPSRUDO 6HOHFWLRQ 676 PHWKRG 6HFWLRQ  WUDFNV WKH KLV
WRU\ RI EULJKWQHVV WHPSHUDWXUHV IRU D JLYHQ SHULRG VHOHFWV WUDLQLQJ SL[HOV EDVHG
XSRQ WKHLU VWDWLVWLFDO ILW WR WKH WDUJHW SL[HO DQG PDNHV SUHGLFWLRQV IRU EULJKWQHVV
WHPSHUDWXUH EDVHG XSRQ YDOXHV IURP D SUHGLFWLRQ LPDJH 6HFWLRQ  ZLOO FRYHU
WKH DVVHVVPHQW RI WKH PHWKRG·V YDOLGLW\ DJDLQVW WKH FRPPRQ HVWLPDWLRQ PHWKRG
DQG 6HFWLRQ  H[DPLQHV ERWK WKH UHVXOWV DQG WKH SRWHQWLDO RI WKH PHWKRG IRU
LPSURYLQJ LPDJH UHSURGXFWLRQ IRU RWKHU SXUSRVHV
 6SDWLR7HPSRUDO 6HOHFWLRQ
7KLV VHFWLRQ GHVFULEHV WKH SURSRVHG PHWKRG LPSOHPHQWDWLRQ RYHU WKH VHOHFWHG
GDWDVHW 6HFWLRQ  IROORZHG E\ D IRUPDO GHVFULSWLRQ 6HFWLRQ  FODULI\LQJ
WKH PDLQ IUDPHZRUN RI WKH PHWKRG DQG RXWOLQLQJ WKH SDUDPHWHUV WKDW FDQ EH
PRGLILHG IRU UHILQHPHQW RI VROXWLRQV
 7HVW 'DWD ([DPSOH
)RU WKLV VWXG\ ZH KDYH XVHG GDWD IURP WKH -DSDQ 0HWHRURORJLFDO $JHQF\·V $+,
VHQVRU XSRQ WKH +LPDZDUL JHRVWDWLRQDU\ VDWHOOLWH 7KLV VDWHOOLWH SRVLWLRQHG LQ

 $ 1HZ 6SDWLR7HPSRUDO 6HOHFWLRQ $OJRULWKP IRU (VWLPDWLQJ 8SZHOOLQJ 0HGLXP:DYH
5DGLDWLRQ
6B;m`2 8XR, /RFDWLRQV RI WKH FDVH VWXG\ DUHDV VHOHFWHG IRU DQDO\VLV LQ WKLV SDSHU GHSLFWHG
RQ WKH $+, IXOO GLVN
JHRVWDWLRQDU\ RUELW DW ( ORQJLWXGH SURYLGHV FRYHUDJH RYHU HDVWHUQ $VLD WKH
ZHVWHUQ 3DFLILF DQG $XVWUDOLD ZLWK D  EDQG PXOWLVSHFWUDO LPDJHU WKUHH 9,6 
1,5  0:,5  7,5 EDQGV >@ :KLOVW WKH PDLQ SXUSRVH RI WKH VHQVRU LV IRU
PHWHRURORJLFDO IRUHFDVWLQJ WKH KLJK WHPSRUDO UHVROXWLRQ IXOO GLVN UHFRUGHG HYHU\
PLQ KDV HQFRXUDJHG XVH RI WKH LPDJHU\ IRU GHWHFWLRQ DQG PRQLWRULQJ RI UDSLG
FKDQJH LQ WKH HQYLURQPHQW ,PDJHV FDSWXUHG IURP $+,·V 0:,5 %DQG  P
ZHUH PDVNHG IRU UHPRYDO RI ZDWHU SL[HOV XVLQJ WKH DQFLOODU\ ODQGVHD PDVNV VXS
SOLHG E\ WKH $XVWUDOLDQ %XUHDX RI 0HWHRURORJ\ $ FORXG PDVN ZDV DOVR DSSOLHG
WR WKH LPDJHV IURP WKLV EDQG EDVHG XSRQ WKH PDVN DSSOLHG WR $+, RXWOLQHG LQ
>@ ZKLFK ZDV DGRSWHG IURP D VLPLODU PDVN DSSOLHG WR *2(6 LPDJHU\ >@
7R IDFLOLWDWH WKH VWXG\ D QXPEHU RI  [  SL[HO FDVH VWXG\ DUHDV ZHUH
LGHQWLILHG DFURVV WKH $+, IXOO GLVN ZKLFK DUH GHWDLOHG LQ 7DEOH  DQG VKRZQ LQ
)LJXUH  7KHVH DUHDV XQGHUZHQW DQ DQDO\VLV RI ILUH DFWLYLW\ IRU WKH \HDU RI 
XVLQJ WKH 913,0*0/ 9,,56 DFWLYH ILUH SURGXFW >@ ZLWK WKH SHDN RI ILUH DFWLYLW\
LQ D GD\ UROOLQJ ZLQGRZ RYHU WKH \HDU DGRSWHG DV WKH FHQWUDO GD\ RI D  GD\
SHULRG RI H[DPLQDWLRQ 7KHVH FDVH VWXG\ DUHDV ZHUH WKHQ GLYLGHG LQWR  × 
SL[HO UHJLRQV DUHDV WKDW PDLQO\ FRQVLVWHG RI VHD SL[HOV ZHUH GLVPLVVHG DQG IURP

 6SDWLR7HPSRUDO 6HOHFWLRQ
WKH UHPDLQLQJ DUHDV VHYHQ ×  UHJLRQV ZHUH UDQGRPO\ VHOHFWHG IRU WKH DQDO\VLV
7LPHV VHOHFWHG IRU WKH SL[HO SUHGLFWLRQV ZHUH DW WKH ORFDO WLPHV FRUUHVSRQGLQJ WR
   DQG PLGQLJKW ZLWK D UDQGRP RIIVHW RI  PLQXWHV WR
SURYLGH VRPH VWDWLVWLFDO LQGHSHQGHQFH IRU RYHUODSSLQJ WUDLQLQJ VHWV 7KH VWXG\
DUHDV VHOHFWHG FRYHU DERXW 0KD RI ODQG LQ WRWDO
7KH SURFHGXUH IRU SURYLGLQJ WUDLQLQJ GDWD IRU WKH LPDJH UHFRQVWUXFWLRQ ZDV WR
VHOHFW D FLUFXODU DUHD RI  SL[HOV LQ UDGLXV VXUURXQGLQJ HDFK RI WKH WDUJHW SL[HOV
LQ WKH UHJLRQ VWDFN WKH SUHYLRXV  LPDJHV DW  KRXUO\ LQWHUYDOV WRJHWKHU DQG FDO
FXODWH WKH GLIIHUHQFH EHWZHHQ DOO SL[HOV LQ WKH VXUURXQGLQJ UDGLXV DQG WKH WDUJHW
$ URRW PHDQ VTXDUH HUURU FRXOG WKHQ EH FDOFXODWHG IURP DOO RI WKHVH WHPSHUDWXUH
GLIIHUHQFHV LQ WKH WUDLQLQJ VHW RI LPDJHV VLPLODU WR WKDW VKRZQ LQ WKH OHIW LPDJHV
LQ )LJXUH  $Q\ WUDLQLQJ SL[HOV WKDW KDG OHVV WKDQ IRXU FRLQFLGHQW REVHUYDWLRQV
ZLWK WKH WDUJHW RYHU WKH  LPDJHV ZHUH GHHPHG WR KDYH LQVXIILFLHQW GDWD WR GHWHU
PLQH FRUUHODWLRQ DQG ZHUH HOLPLQDWHG IURP IXUWKHU DQDO\VLV )URP WKH UHPDLQLQJ
SRWHQWLDO WUDLQLQJ SL[HOV WKH 506(V ZHUH VRUWHG DQG WKH  SL[HOV ZLWK WKH ORZHVW
HUURU FRPSDUHG WR WKH WDUJHW ZHUH VHOHFWHG IRU WKH SUHGLFWLRQ SKDVH VKRZQ LQ WKH
ULJKW LPDJHV LQ )LJXUH 
$W WKH SUHGLFWLRQ VWHS D PLQLPXP RI VL[ WUDLQLQJ SL[HOV KDG WR EH DYDLODEOH
LQ RUGHU WR SURYLGH D 676 HVWLPDWH RI EULJKWQHVV WHPSHUDWXUH  WDUJHWV ZLWK OHVV
WKDQ VL[ ZHUH GLVFDUGHG IURP DQDO\VLV 7KH XQPDVNHG YDOXHV RI WKH WUDLQLQJ SL[
HOV IURP WKH SUHGLFWLRQ LPDJH ZHUH WKHQ ILOWHUHG IRU RXWOLHUV UHPRYDO RI ≥ ±2σ
DQG WKH UHPDLQLQJ YDOXHV ZHUH DYHUDJHG IRU WKH WDUJHW HVWLPDWLRQ &RPSDULVRQV
RI EULJKWQHVV WHPSHUDWXUHV IRU DQDO\VLV SXUSRVHV ZHUH XQGHUWDNHQ ZKHUH VROX
WLRQV IRU 676 HVWLPDWLRQ DQG WKH FRQWH[WXDO HVWLPDWH ZHUH FRLQFLGHQW ZLWK D UDZ
EULJKWQHVV WHPSHUDWXUH IURP WKH SUHGLFWLRQ LPDJH &RQWH[WXDO HVWLPDWHV ZHUH
FDOFXODWHG EDVHG XSRQ WKH JXLGHOLQHV IRU FRPSXWDWLRQDO DFFXUDF\ VHW RXW LQ >@
ZKLFK GHWHUPLQHG WKDW 5 × 5 FRQWH[WXDO HVWLPDWHV ZLWK DW OHDVW  RI DGMDFHQW
SL[HO DYDLODELOLW\ ZHUH WKH PLQLPXP WR HQVXUH FRQWH[WXDO HVWLPDWLRQ DFFXUDF\
 )RUPDO 'HVFULSWLRQ
)LJXUH  GHPRQVWUDWHV WKH 676PHWKRG IURP ILUVW SULQFLSOHV ,PSRUWDQW YDULDEOHV
IRU DOWHULQJ WKH PHWKRG·V LPSOHPHQWDWLRQ GHSHQGLQJ XSRQ WKH FRQGLWLRQV RI XVH
DUH DV IROORZV
 nimage  QXPEHU RI LPDJHV LQ WKH SL[HO WUDLQLQJ VWDFN
 ν  WLPH JDS EHWZHHQ LPDJHV LQ WKH SL[HO WUDLQLQJ VWDFN
 rtrain  WKH UDGLXV RI UHVWUDLQW IRU VHDUFKLQJ IRU WUDLQLQJ SL[HOV DURXQG D WDUJHW
SL[HO
 c  WKH WRWDO QXPEHU RI FRLQFLGHQW PHDVXUHPHQWV EHWZHHQ SRWHQWLDO WUDLQLQJ
SL[HOV DQG WKH WDUJHW LQ WKH WUDLQLQJ VWDFN

 $ 1HZ 6SDWLR7HPSRUDO 6HOHFWLRQ $OJRULWKP IRU (VWLPDWLQJ 8SZHOOLQJ 0HGLXP:DYH
5DGLDWLRQ
h#H2 8XR, 6SHFLILFDWLRQV IRU WKH WLPHIUDPHV DUHD RI WKH $+, GLVN DQG 87& WLPH RIIVHWV IRU
HDFK RI WKH FDVH VWXG\ DUHDV H[DPLQHG
&6 DUHD 6WDUW 'DWH (QG 'DWH 87& +RXUV 6HFWRUV XVHG
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 $ 1HZ 6SDWLR7HPSRUDO 6HOHFWLRQ $OJRULWKP IRU (VWLPDWLQJ 8SZHOOLQJ 0HGLXP:DYH
5DGLDWLRQ
LV UHODWHG WR FORXG FRQGLWLRQV LQ WKH WUDLQLQJ DUHD GXULQJ D SUHGLFWLYH DVVHVVPHQW
/HQJWKHQLQJ WKH WLPH RYHU ZKLFK SL[HOV DUH DVVHVVHG IRU WKHLU VXLWDELOLW\ VKRXOG
PLWLJDWH IRU ZHDWKHU V\VWHPV DQG WKHLU DVVRFLDWHG FORXG EXW PD\ QRW DFFRXQW
IRU PDMRU DOWHUDWLRQV WKDW RFFXU LQ D ODQGVFDSH GXH WR ILUHV DQG UDLQIDOO HYHQWV
7UDLQLQJ VKRXOG DOVR RFFXU RYHU D UDQJH RI GLXUQDO FRQGLWLRQV WR PLWLJDWH WKH HI
IHFWV RI GHYHORSLQJ FRQYHFWLYH FORXGV ZKLFK DUH D FRQVWDQW IHDWXUH LQ VRPH RI WKH
DVVHVVHG ODQGVFDSHV GXULQJ WKH DIWHUQRRQ GD\WLPH SHULRG
rtrain DQG ntrain VSHDN WR WKH VXLWDELOLW\ RI WKH VXUURXQGLQJ DUHD DURXQG WKH
WDUJHW IRU SURYLGLQJ VXIILFLHQW WUDLQLQJ GDWD 7KH VHDUFK UDGLXV rtrain VKRXOG EH LQ
FUHDVHG RU GHFUHDVHG GHSHQGHQW XSRQ WKH OLNHOLKRRG RI FRUUHFW FKDUDFWHULVDWLRQ
QRWLQJ WKDW LQ FHUWDLQ FDVHV OLNH LQ ILJ F VXLWDEOH SL[HOV PD\ QRW GLVSOD\ WKH
W\SLFDO VSDWLDO DXWRFRUUHODWLRQ SDWWHUQ XVXDOO\ DVVRFLDWHG ZLWK WHPSHUDWXUH HVWL
PDWLRQ ,QFUHDVLQJ WKH QXPEHU RI WUDLQLQJ SL[HOV VHOHFWHG PD\ LPSURYH WKH OLNHOL
KRRG RI REWDLQLQJ D YDOLG HVWLPDWLRQ HVSHFLDOO\ LQ FORXG\ SUHGLFWLRQ LPDJHV EXW
ZLOO OLNHO\ UHVXOW LQ OHVV DFFXUDWH HVWLPDWLRQ ZKHQ WKH SUHGLFWLRQ LPDJH LV FOHDU DV
WKH H[WUD YDOXHV IRU WKH WDUJHW HVWLPDWLRQ ZLOO EH FRPLQJ IURP OHVV FRUUHODWHG SL[HO
YDOXHV 7KH c YDOXH VHW LQ WKH SURFHVV UHODWHV WR WKH H[SHFWHG DFFXUDF\ RI SUHGLF
WRU SL[HOV  VHWWLQJ WKLV WRR ORZ PD\ UHVXOW LQ WKH VHOHFWLRQ RI WUDLQLQJ SL[HOV WKDW
DUH KLJKO\ FRUUHODWHG IRU D YHU\ VKRUW SRUWLRQ RI WKH WUDLQLQJ VWDFN EXW RWKHUZLVH
KDYH OLWWOH LQ FRPPRQ ZKHUHDV VHWWLQJ WKLV WRR KLJK PD\ UHGXFH WKH HIIHFWLYHQHVV
RI WKH WUDLQLQJ SL[HO VHDUFK HVSHFLDOO\ LI WKH QXPEHU RI YDOXHV DSSURDFKHV WKH
QXPEHU RI YDOLG PHDVXUHPHQWV RQ WKH WDUJHW SL[HO RYHU WKH WUDLQLQJ SHULRG
 2YHUDOO $FFXUDF\ $VVHVVPHQW
7KH W\SLFDO PHWKRG RI DVVHVVPHQW RI HVWLPDWLRQ DFFXUDF\ LV EDVHG XSRQ WKH YDULD
WLRQ RI WKH UHVSHFWLYH HVWLPDWLRQ PHWKRGV IURP WKH UHFRUGHG YDOXHV :KLOVW WKLV LV
D VHQVLEOH DSSURDFK WR D SHUIHFW ODQGVFDSH ZLWK QR RFFOXGLQJ IHDWXUHV WKH LQFOX
VLRQ RI FRPSDULVRQV WR DQRPDORXV WHPSHUDWXUH YDOXHV IURP WKH LPDJHU\ ZKHWKHU
IURP ILUH DFWLYLW\ RU PLVDWWULEXWHG FORXG FDQ OHDG WR WKLV W\SH RI DVVHVVPHQW EHLQJ
IODZHG $ VLWXDWLRQ ZKHUH REYLRXV LPDJH FRQWDPLQDWLRQ KDV RFFXUUHG ZRXOG SH
QDOLVH WKH DFFXUDF\ RI DQ HVWLPDWLRQ PHWKRG WKDW LV FRUUHFWO\ LGHQWLI\LQJ DQ HUURU
ZLWK WKH OHYHO RI SHQDOW\ LQFUHDVLQJ ZLWK WKH HIIHFWLYHQHVV RI WKH HUURU LGHQWLILFD
WLRQ $V VXFK UHVXOWV IRU WKLV VWXG\ KDYH EHHQ SURGXFHG ERWK ZLWK WKHVH REYLRXV
HUURUV IRU WKH SXUSRVHV RI FRPSDULVRQ ZLWK SUHYLRXV VWXGLHV DQG ZLWKRXW WKHVH
DQRPDORXV YDOXHV 8SRQ YLVXDO H[DPLQDWLRQ RI WKH LPDJHV DQ DQRPDO\ UDWH RI 
ZDV DGRSWHG DV WKH VWDQGDUG OHYHO RI HUURU LQ WKH EULJKWQHVV WHPSHUDWXUH LPDJHV
LQ RUGHU WR QRW SHQDOLVH WKH DFFXUDWH LGHQWLILFDWLRQ RI WKHVH HUURUV
7ZR VHWV RI DFFXUDF\ DVVHVVPHQW ILJXUHV ZLOO EH SUHVHQWHG LQ WKH UHVXOWV  D
FRPSDULVRQ RI WKH 676 DQG FRQWH[W HVWLPDWHV WR WKH LPDJH WHPSHUDWXUHV ERWK

 5HVXOWV
LQFOXGLQJ DQG ZLWKRXW WKH ODUJHVW  RI DQRPDORXV GLIIHUHQFHV IURP WKH LPDJH
WHPSHUDWXUHV PHDVXUHG LQ DEVROXWH WHUPV 7KH PHDQ DQG VWDQGDUG GHYLDWLRQ RI
GLIIHUHQFHV IURP WKH LPDJH WHPSHUDWXUH ZLOO EH UHSRUWHG DORQJ ZLWK WKH SHUFHQW
DJH GLIIHUHQFH LQ VWDQGDUG GHYLDWLRQ EHWZHHQ WKH WZR PHWKRGV
 5HVXOWV
 7UDLQLQJ 3L[HO 6HOHFWLRQ
)LJXUH  GLVSOD\V D W\SLFDO VHW RI WUDLQLQJ GDWD VHOHFWLRQV DQG VXEVHTXHQW HVWLPD
WLRQV IRU D QXPEHU RI DGMDFHQW WDUJHW SL[HOV RQ WKH HDVW FRDVW RI .DOLPDQWDQ 7KH
PDSV WR WKH OHIW RI WKLV ILJXUH GHSLFW RI WKH 506(V RI HDFK RI WKH SRWHQWLDO WUDLQ
LQJ SL[HOV UHODWLYH WR WKH WDUJHW ZLWK OLJKWHU FRORXUV LQ DUHDV WKDW DSSHDU PRUH OLNH
WKH WDUJHW SL[HO ,Q WKH GHSLFWHG FDVHV WKHUH LV DQ REYLRXV WUHQG ZKHUHE\ QRLVH
YDOXHV LQFUHDVH ZLWK WKH GLVWDQFH IURP WKH WDUJHW SL[HO ZKLFK LV QRW XQH[SHFWHG
EHKDYLRXU 2I LQWHUHVW WKRXJK LV WKH SURSHQVLW\ RI VHOHFWLRQ RI WUDLQLQJ SL[HOV
WR RFFXU LQ DUHDV RI VLPLODU PDNHXS ,Q ILJ D ORZHU 506(V RFFXU LQ WKH VWULS
RI ODQG LPPHGLDWHO\ LQODQG IURP WKH FRDVW ² WKLV DUHD LV KHDYLO\ FOHDUHG DQG FRQ
WDLQV VRPH XUEDQ DUHDV LQ FRPSDULVRQ WR RWKHU SDUWV RI WKLV UHJLRQ 7KH VHFRQG
SL[HO VHOHFWHG PRUH KHDYLO\ IDYRXUV WKRVH DUHDV DQG WKH VHOHFWHG WUDLQLQJ SL[HOV
VWUHWFK RXW DORQJ WKH FRDVWDO IULQJH 7KH SL[HO GHSLFWHG LQ ILJ F LV FRDVWDO LQ
QDWXUH DQG WKH ORZHVW 506(V RI WUDLQLQJ SL[HOV UHIOHFW WKDW  WKH SL[HOV VHOHFWHG
IRU WUDLQLQJ SXUSRVHV E\ 676 DUH VWUXQJ RXW LQ D OLQH DORQJ WKH FRDVW UHIOHFWLQJ WKLV
FKDUDFWHULVDWLRQ
7KH ULJKW KDOI RI )LJXUH  VKRZV WKH YDULRXV SL[HO WUDMHFWRULHV RYHU WKH 676
WUDLQLQJ SHULRG 7KH UHG WDUJHW YDOXH LV FRPSDUHG WR WKH WHPSHUDWXUH YDOXHV RI DOO
SL[HOV LQ WKH WUDLQLQJ VHW EXW RQO\ SL[HOV VHOHFWHG IRU ILWWLQJ DORQJ ZLWK WKH SL[
HOV GHVFULELQJ WKH 5 × 5 DUHD VXUURXQGLQJ WKH WDUJHW DUH VKRZQ KHUH )LJXUH D
KDV WKH OHDVW QRLV\ FRQWH[WXDO WHPSHUDWXUH HVWLPDWLRQ VKRZQ KHUH ZLWK PRVW GLV
DJUHHPHQW EHWZHHQ WKH WDUJHW DQG WKH FRQWH[W YDOXHV RFFXUULQJ LQ WKH PLGGOH RI
WKH GD\ 7KH EOXH WUDLQLQJ YDOXHV WHQG WR VWLFN FORVHU WR WKH WDUJHW ZLWK VRPH PLOG
GHYLDWLRQV PRVWO\ LQ WKH QLJKWWLPH SHULRG ZKHUH DW WLPHV QR FRPSDULVRQ WDNHV
SODFH $W WLPH t WKH FRQWH[WXDO YDOXHV DGMDFHQW DUH VKRZQ LQ JUHHQ ZKHUHDV WHP
SHUDWXUHV IURP WKH 676 WUDLQLQJ JURXS DUH VKRZQ LQ EOXH ,Q WKLV FDVH WKH UDQJH
RI YDOXHV VHHQ LQ FRQWH[WXDO SL[HOV LV DURXQG . ODUJHU ZLWK WKH FRQWH[WXDO PHDQ
DSSUR[LPDWHO\ . EHORZ WKH WDUJHW ILJXUH 7KH EOXH 676 SL[HOV DUH PRUH FORVHO\
JURXSHG ZLWK WKH PHDQ YDOXH RI WKH 676 VROXWLRQ IDU FORVHU WR WKH UHFRUGHG YDOXH
,Q WKLV FDVH WKH 676 WUDLQLQJ VHW VKDUHV QLQH SL[HOV ZLWK WKH FRQWH[WXDO VXUURXQGV
RI WKH WDUJHW ZLWK WKH YDOXHV REWDLQHG IURP SL[HOV RXWVLGH RI WKLV UHJLRQ VWUHQJWK
HQLQJ WKH UHVXOWLQJ VROXWLRQ


 5HVXOWV
h#H2 8Xk, $FFXUDF\ RI HVWLPDWLRQ WHFKQLTXHV DJDLQVW EULJKWQHVV WHPSHUDWXUH YDOXHV IURP
WKH DVVHVVHG LPDJHV E\ FDVH VWXG\ DUHD ∆σ LV WKH SHUFHQWDJH FKDQJH EHWZHHQ WKH VWDQGDUG
GHYLDWLRQV RI WKH FRQWH[W DQG 676 HVWLPDWLRQ PHWKRGV
$QRPDOLHV UHWDLQHG $QRPDOLHV UHPRYHG
&RQWH[W 676 &RQWH[W 676
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7KH WZR ILJXUHV ILJ E DQG ILJ F VKRZ PRUH H[WUHPH H[DPSOHV RI SR
WHQWLDO SL[HO WUDMHFWRULHV IURP D KLJKO\ YDULDEOH ODQGVFDSH 7KH FRQWH[WXDO SL[HO
YDOXHV VKRZQ LQ ILJ E RQFH DJDLQ VKRZ WKH PRVW YDULDWLRQ GXULQJ WKH GD\ EXW
DOVR GHPRQVWUDWH YDULDWLRQ GXULQJ WKH QLJKW 7KLV W\SH RI ODJJLQJ WHPSHUDWXUH
YDULDWLRQ LV D KDOOPDUN RI FRDVWDO ORFDWLRQV ZKHUH WKH SL[HOV DUH RIWHQ D PL[WXUH
RI ODQG DQG ZDWHU 7KH ZDWHU SRUWLRQ RI WKHVH SL[HOV WHQGV WR UHWDLQ KHDW GXU
LQJ WKH QLJKW LQ FRPSDULVRQ WR WKH DGMDFHQW ODQG DUHDV DQG GXULQJ WKH GD\ WKH
UHGXFHG UHIOHFWLRQ FRXSOHG ZLWK GHOD\ LQ KHDWLQJ RI WKH ZDWHU FRPSDUHG WR ODQG
DUHDV UHVXOWV LQ WKH SHDN WHPSHUDWXUHV EHLQJ ODWHU LQ WKH GD\ 8VLQJ WKH 676 SL[HOV
UHGXFHV WKH HIIHFWV RI WKHVH SL[HOV RQ WKH HVWLPDWLRQ RQFH DJDLQ ZLWK D WLJKWHU
JURXSLQJ RI YDOXHV DQG OHVV ORZYDOXH RXWOLHUV )LJXUH F VKRZV WKH ILWWLQJ RI
D FRDVWDO SL[HO ZLWK WKH ODJJLQJ RI WKH 676 SL[HO YDOXHV FRPSDUHG WR WKH KLJKHU
FRQWH[WXDO WHPSHUDWXUHV 7KH UHVXOWDQW VHW RI SL[HO YDOXHV WR EDVH HVWLPDWHV RQ LV
PXFK PRUH WLJKWO\ JURXSHG LQ WKH FDVH RI 676 ZLWK WKH UHVXOWDQW PHDQ HVWLPDWHV
SURYLGLQJ D GHFUHDVH RI HVWLPDWLRQ HUURU RI . ZKHQ FRPSDUHG WR WKH FRQWH[WXDO
HVWLPDWH *LYHQ WKH DSSHDUDQFH RI WKH SL[HO WUDMHFWRULHV LQ WKLV FDVH LW LV OLNHO\ WKDW
WKH DWWULEXWHG HUURU LQ WKH FRQWH[WXDO PHWKRG LQ WKLV UHJLRQ LV SHUPDQHQW LQ QD
WXUH ZLWK VHDVRQDOLW\ DQG WLGDO HIIHFWV EHLQJ WKH PDMRU FRQWULEXWLQJ IDFWRUV WR
SRWHQWLDO YDULDWLRQ LQ WKLV HUURU
 2YHUDOO $FFXUDF\ $VVHVVPHQW
7DEOH  GHVFULEHV WKH HUURUV DQG VWDQGDUG GHYLDWLRQV RI WKH WZR DVVHVVHG HV
WLPDWLRQ PHWKRGV DJDLQVW WKH PHDVXUHG EULJKWQHVV WHPSHUDWXUH YDOXHV IRU HDFK
FDVH VWXG\ DUHD %LDVHV RI ERWK PHWKRGV WHQG WR EH IDLUO\ ORZ ZLWK DOO EXW RQH
VWXG\ DUHD KDYLQJ PHDQ GLIIHUHQFHV RI OHVV WKDQ . ,QFUHDVHV LQ WKH PHDQV RI
WKH 676 HVWLPDWLRQ WHQG WR EH GXH WR WKH RPPLVVLRQ HUURU RI WKH FORXG PDVN XVHG

 $ 1HZ 6SDWLR7HPSRUDO 6HOHFWLRQ $OJRULWKP IRU (VWLPDWLQJ 8SZHOOLQJ 0HGLXP:DYH
5DGLDWLRQ
ZKLFK GULYHV HVWLPDWHV IURP 676 ORZHU GXH WR WKH SUHYDOHQFH RI PLVDWWULEXWHG
FORXG 7KH IRXU VWXG\ DUHDV VKRZLQJ WKH PRVW LPSURYHPHQW LQ YDULDWLRQ ZHUH WKO
FKQ MSQ DQG VHD ZLWK GHFUHDVHV LQ HVWLPDWH YDULDWLRQ RI EHWZHHQ ² LQ WKH
GDWDVHW LQFOXGLQJ DQRPDOLHV 2I SDUWLFXODU QRWH LV WKH LPSURYHPHQW LQ HVWLPDWH
HUURU LQ WKH FKQ VWXG\ HUURU ZKHUH FRQWH[WXDO HVWLPDWLRQ SHUIRUPV VLJQLILFDQWO\
EHWWHU WKDQ LQ WKH RWKHU DUHDV FRYHUHG
7HPSHUDWXUH HVWLPDWLRQ XVLQJ WKH 676 PHWKRG UHPDLQV D FKDOOHQJH LQ WKH ERU
DQG VLE FDVH VWXG\ DUHDV ZLWK LQFUHDVHV LQ WKH YDULDWLRQ RI HVWLPDWHV RI  DQG
 UHVSHFWLYHO\ (UURUV LQ WKHVH DUHDV ZLWK 676 HVWLPDWLRQ DUH JHQHUDOO\ FDXVHG
E\ WKH ODUJH DPRXQW RI FORXG RFFOXVLRQ SUHVHQW LQ WKHVH LPDJH VHWV ERWK ZLWK
UHJDUG WR WKH WUDLQLQJ SHULRG ZKLFK FDXVHV PLVVHOHFWLRQ RI WUDLQLQJ SL[HOV DQG
LQ WKH SUHGLFWLRQ LPDJH ZKHUH FORXG YDOXHV UHGXFH WKH QXPEHU RI WUDLQLQJ SL[HOV
WKDW FDQ FRQWULEXWH WR D VROXWLRQ IRU D WDUJHW
7KH HUURU UDWHV IRU WKH HVWLPDWHV UHSRUWHG ZLWK DQRPDORXV WHPSHUDWXUHV UH
PRYHG VKRZV D GHFUHDVH LQ YDULDQFH IRU ERWK HVWLPDWLRQ PHWKRGV ZLWK D ²
GURS LQ FRQWH[WXDO HVWLPDWLRQ HUURU DQG D ² GURS LQ 676 HVWLPDWLRQ HU
URU 2Q WKH ZKROH WKH HOLPLQDWLRQ RI RXWOLHUV WUHDWV WKH UHPDLQLQJ 676 YDULDWLRQV
IDYRXUDEO\ ZLWK DQ GHFUHDVH LQ FRPSDULVRQ WR WKH FRQWH[W HVWLPDWHV DFURVV DOO
VLWHV 7KH VHOHFWLRQ RI WKH  DQRPDO\ UDWH VHHPV WR EH VXSSRUWHG E\ WKHVH QXP
EHUV DOWKRXJK GHFUHDVHV LQ UHSRUWHG YDULDQFH ZHUH PXFK ORZHU LQ WKH MSQ DUHD
WKDQ RWKHUV GXH WR D PXFK KLJKHU UDWH RI DQRPDORXV WHPSHUDWXUH GLIIHUHQFHV UH
VXOWDQW IURP WKH H[WUHPH ODQGVFDSH DQG ODQG XVH YDULDELOLW\ LQ WKH DUHD ,I WKLV
µRXWOLHUV UHPRYHGµ GDWDVHW LV DVVXPHG WR EH D EHWWHU DFFRXQW RI WHPSHUDWXUH HV
WLPDWLRQ IRU WKH EXON RI WHPSHUDWXUH YDOXHV WHPSHUDWXUH FKDUDFWHULVDWLRQ LV LP
SURYLQJ XVLQJ WKH 676 PHWKRG E\ XS WR  LQ IDYRXUDEOH FRQGLWLRQV
 ,PDJH $VVHVVPHQW
)LJXUH  VKRZV D VHULHV RI LPDJHV WKDW GHPRQVWUDWH ERWK WKH 676 DQG FRQWH[
WXDO PHWKRGV RYHU D VXEVHW RI WKH WKO UHJLRQ 7KH DUHD VKRZQ LV FHQWUHG RYHU WKH
/RHL SURYLQFH RI QRUWKHUQ 7KDLODQG ZLWK WKH QRUWKHUQ KDOI RI WKH LPDJH RYHU ZHVW
HUQ /DRV )URP OHIW WR ULJKW LPDJHV VKRZQ DUH WKH EULJKWQHVV WHPSHUDWXUH LPDJH
IURP $+, %DQG  WKH 676 HVWLPDWLRQ RI WKH UHJLRQ DQG WKH FRQWH[WXDO HVWLPDWLRQ
RI WKH UHJLRQ 7KH WZR ULJKWPRVW LPDJHV VKRZ WKH GLIIHUHQFHV EHWZHHQ WKH ILUVW
LPDJH DQG WKH VHFRQG DQG WKLUG LPDJHV UHVSHFWLYHO\ JLYLQJ DQ RYHUDOO DVVHVVPHQW
RI WHPSHUDWXUH GLIIHUHQFHV $W ILUVW JODQFH LQ ILJ D WKHUH DSSHDUV D PDUNHG
VLPLODULW\ LQ WKH ODQGVFDSH GHSLFWLRQ SURGXFHG E\ 676 LQ FRPSDULVRQ WR WKH VHQVRU
LPDJH )LQH GHWDLOV LQ WKH LPDJH DUH UHWDLQHG ² WKH VLOKRXHWWH RI WKH 0HNRQJ 5LYHU
VKRZQ LQ WKH XSSHU FHQWUH RI WKH EULJKWQHVV WHPSHUDWXUH LPDJH LV DOVR HYLGHQW LQ
WKH 676 HVWLPDWLRQ DORQJ ZLWK WKH VWUDWLILFDWLRQ RI WHPSHUDWXUH ]RQHV LQ WKH QRUWK

 5HVXOWV
DQG ZHVW RI WKH UHJLRQ ,Q FRQWUDVW WKH FRQWH[WXDO LPDJH SHUIRUPV WKH UROH RI D
VPRRWKLQJ ILOWHU UHGXFLQJ WKH FRQWUDVW RI WKH LPDJH RYHUDOO DQG GXOOLQJ WKH ILQHU
GHWDLOV RI WHPSHUDWXUH FKDQJH 7KHVH HIIHFWV FDQ EH VHHQ PRVW PDUNHGO\ LQ WKH
GLIIHUHQFLQJ LPDJHV ZLWK DQ RYHUDOO GHFUHDVH LQ ERWK WKH KLJK DQG ORZ WHPSHUD
WXUH PDJQLWXGHV VHHQ RQ WKH 676 GLIIHUHQFH LPDJH FRPSDUHG WR WKH HTXLYDOHQW IRU
FRQWH[W 'HVSLWH WKH RYHUDOO ORZHULQJ RI WHPSHUDWXUH YDULDWLRQ WKH 676 PHWKRG
LV VWLOO LGHQWLI\LQJ VRPH DQRPDORXV SL[HOV LQ WKH RULJLQDO LPDJH LQ WKH ZHVW DQG
VRXWK RI WKH 676 GLIIHUHQFH LPDJH
7KH LQFUHDVHG HUURU H[SHULHQFHG DW WKH PLGGD\ SHULRG FDQ EH VHHQ LQ ILJ E
ZKLFK VKRZV WKH UHVXOW RI DQ HVWLPDWLRQ DW QRRQ ORFDO WLPH $ PDUNHG IHDWXUH RI
WKLV SDUWLFXODU LPDJH WLPH LV D QXPEHU RI DQRPDOLHV VKRZQ LQ WKH 676 GLIIHUHQFH
LPDJH LQ WKH DUHD 7KH ODUJH DPRXQW RI UHG SL[HOV WKDW PD\ VLJQLI\ DJULFXOWXUDO
EXUQLQJ LQ WKH DUHD DUH HDV\ WR LGHQWLI\ RQ WKH 676 GLIIHUHQFH LPDJH EXW WHQG WR JHW
PL[HG ZLWK WKH ODQGVFDSH HGJH HIIHFWV LQ WKH FRQWH[WXDO GLIIHUHQFH LPDJH 2QH QR
WDEOH HIIHFW RI WKHVH KLJK WHPSHUDWXUH DQRPDOLHV LQ WKH FRQWH[W GLIIHUHQFH LV WKH
VXEVHTXHQW HIIHFW WKHVH KLJKHU WHPSHUDWXUHV KDYH RQ HVWLPDWLRQ DW WKH HGJH RI
WKH DQRPDOLHV 7KH KLJK WHPSHUDWXUHV WHQG WR UHVXOW LQ D ULQJ RI ORZ WHPSHUDWXUH
UHVXOWV VXUURXQGLQJ WKLV DFWLYLW\ ² JHQHUDOO\ ILUH GHWHFWLRQ DOJRULWKPV UHPRYH WKLV
SUREOHP E\ IODJJLQJ WKH ILUH SL[HOV DV DQRPDORXV EHIRUH HVWLPDWLQJ VXUURXQGLQJ
WHPSHUDWXUHV EXW D WUHDWPHQW VXFK DV WKLV KDV QRW EHHQ DWWHPSWHG RQ WKH GDWD
SUHVHQWHG KHUH )LJXUH F DQG ILJ G VKRZ WKH VXEVHTXHQW SURJUHVVLRQ RI WKH
WHPSHUDWXUHV LQ WKH DUHD WKURXJK WKH DIWHUQRRQ DQG LQWR WKH QH[W QLJKW /DQG
VFDSH SDWWHUQV VHHQ GXULQJ WKH GD\ WHQG WR FKDQJH DW QLJKW GXH WR GLIIHUHQFHV
LQ VXUIDFH HPLVVLYLW\ DQG VXEVHTXHQW KHDW UHWHQWLRQORVV EXW WKH 676 HVWLPDWLRQ
KDV QR LVVXH ZLWK PDLQWDLQLQJ LPDJH UHSURGXFWLRQ TXDOLW\ HYHQ ZLWK FKDQJHV LQ
WKH GLVWULEXWLRQ RI WHPSHUDWXUH JUDGLHQWV 6RPH DQRPDORXV WHPSHUDWXUH DFWLYLW\
LQ WKLV DUHD FRQWLQXHV WKURXJKRXW WKH QLJKW ² WKH FRQWH[WXDO HVWLPDWLRQ KLJKOLJKWV
WKH DQRPDOLHV PRUH VWURQJO\ DW QLJKW EXW DOVR SURYLGHV D IDU QRLVLHU VROXWLRQ IRU
SL[HOV QRW XQGHUJRLQJ DQRPDORXV DFWLYLW\
 (VWLPDWLRQ $YDLODELOLW\
7DEOH  VKRZV D EUHDNGRZQ RI WKH DYDLODELOLW\ RI HVWLPDWLRQV XVLQJ WKH 676 DQG
FRQWH[W PHWKRGV DJDLQVW WKH UHFRUGHG EULJKWQHVV WHPSHUDWXUHV IURP LPDJHV 7KH
ILUVW WZR FROXPQV RI WKLV WDEOH UHSRUW WKH WRWDO DPRXQW RI ODQG SL[HOV DVVHVVHG
IURP WKH  50× 50 UHJLRQV IURP HDFK FDVH VWXG\ IRU WKH  LPDJHV RI WKH DVVHVV
PHQW SHULRG DQG WKH QXPEHU RI SL[HOV WKDW UHFRUGHG D EULJKWQHVV WHPSHUDWXUH
YDOXH RQFH WKH FORXG PDVN ZDV DSSOLHG &ORXG DV DVVHVVHG E\ WKH FORXG PDVN ZDV
OHDVW SUHYDOHQW LQ WKH WKO DQG QZD DUHDV DQG PRVW SUHYDOHQW LQ WKH MSQ DQG VLE
DUHDV ZLWK PRUH WKDQ KDOI RI DOO SL[HOV DIIHFWHG E\ FORXG &RQWH[WXDO HVWLPDWLRQ

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h#H2 8Xj, %UHDNGRZQ RI WKH DYDLODELOLW\ RI WHPSHUDWXUH YDOXHV XVLQJ WKH WZR HVWLPDWLRQ
PHWKRGV DJDLQVW WRWDO LPDJH SL[HOV SUHVHQW n %7 2EV JLYHV WKH QXPEHU RI FORXG IUHH LPDJH
SL[HOV RXW RI WKH WRWDO SRVVLEOH VKRZQ LQ 7RWDO 3L[HO 2EV
6LWH 7RWDO 3L[HO 2EV n %7 2EV  FRQWH[WLPDJH  VWVLPDJH  VWVFRQWH[W
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FDQ RFFXU LQ ² RI FDVHV ZKHUH EULJKWQHVV WHPSHUDWXUH YDOXHV H[LVW ZKLFK
LV D KLJKHU UDWH RI HVWLPDWHV DYDLODEOH WKDQ UHSRUWHG LQ >@ EXW WKLV UDWH LV KLJKO\
GHSHQGHQW XSRQ WKH FORXG LGHQWLILHG E\ WKH FORXG PDVN XVHG :LWK WKH 676 WUDLQ
LQJ VHOHFWLRQ SURFHVV WKH GLYHUVLW\ RI WKH VDPSOLQJ DUHD PHDQV WKDW HVWLPDWLRQ
FDQ WDNH SODFH LQ PRUH IUDJPHQWHG LPDJHV ZKHUH FRQWH[WXDO HVWLPDWLRQ PD\ QRW
EH SRVVLEOH 2I FRXUVH GXH WR WKH  SL[HO EXIIHU DSSOLHG WR HDFK WHPSHUDWXUH
HVWLPDWLRQ SURFHVV WKH DUHD WKDW FDQ EH SRWHQWLDOO\ VDPSOHG LV IDU KLJKHU WKDQ
IRU FRQWH[WXDO WHPSHUDWXUH HVWLPDWLRQ EXW LI WKH DVVXPSWLRQ LV PDGH WKDW DYHU
DJH FORXG FRQGLWLRQV DUH VLPLODU RYHU WKH EXIIHUHG DUHD WR WKRVH RYHU WKH DVVHVVHG
DUHD WKH 676PHWKRG SURYLGHV HVWLPDWHV RI WHPSHUDWXUH LQ DURXQG PRUH FDVHV
WKDQ WKH EULJKWQHVV WHPSHUDWXUH LPDJHV WKHPVHOYHV ,W LV EH\RQG WKH VFRSH RI WKLV
VWXG\ WR DVVHVV WKH DFFXUDF\ RI WKRVH H[WUD SL[HOV SURYLGHG E\ WKH 676 PHWKRG
EXW WKHUH LV SRWHQWLDO WR SURYLGH D VRXUFH RI YDOLGDWLRQ IRU PLVVLQJ YDOXHV LQ DQ
LPDJH XVLQJ 676 LQ FDVHV VXFK DV WKHVH
 'LVFXVVLRQ
:LWK UHJDUG WR SDUDPHWHU VHOHFWLRQ IRU 676 LQ WKLV VWXG\ LW LV LPSRUWDQW WR QRWH
WKDW RQO\ RQH VHW RI SDUDPHWHUV KDYH EHHQ H[DPLQHG DQG WKLV DIIHFWV WKH UHVXOWV
FRPLQJ IURP WKH 676 HVWLPDWLRQ LQ D QXPEHU RI ZD\V 7KH WUDLQLQJ RI SL[HOV LQ
WKLV LQVWDQFH RFFXUV RYHU WKH SUHFHGLQJ  LPDJHV DW D WZR KRXU VSDFLQJ  D WRWDO
WUDLQLQJ SHULRG RI  KRXUV 7UDLQLQJ DFFXUDF\ LV UHOLDQW RQ SL[HOV JDWKHULQJ YDUL
DWLRQ WKURXJK WKH WLPH VHULHV LQ RUGHU WR ILOWHU RXW OHVV DFFXUDWH SUHGLFWLRQ SL[HOV
 VLJQLILFDQW SHULRGV RI FORXG GXULQJ WKLV WUDLQLQJ SURFHVV ZLOO OHDG WR D UHGXFWLRQ
RI FRLQFLGHQW PHDVXUHPHQWV EHWZHHQ WKH WDUJHW DQG LGHDO SUHGLFWLRQ SL[HOV ZLWKLQ
WKH VHDUFK UDGLXV 7KLV ZHDNQHVV WR FORXG FRYHU GXULQJ WKH WUDLQLQJ SHULRG FRXOG
EH PLWLJDWHG E\ YDULDWLRQ RI WKH WLPH EHWZHHQ WUDLQLQJ LPDJHV  OHQJWKHQLQJ WKH
WLPH EHWZHHQ LPDJHV ZRXOG UHVXOW LQ WKH OHVVHQLQJ LQIOXHQFH RI ZHDWKHU HIIHFWV LQ

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5DGLDWLRQ
WKH VKRUW WHUP &DUH PXVW EH WDNHQ WKRXJK WR HQVXUH WKDW WUDLQLQJ KDSSHQV ZLWKLQ
D UHDVRQDEOH SHULRG EHIRUH WKH SUHGLFWLRQ VWHS DV FKDQJHV WR WKH ODQGVFDSH ZLOO LQ
FUHDVH WKH HUURU RI WKRVH SL[HOV ZKHQ DWWHPSWLQJ WR ILQGPDWFKHV 7KH RSSRUWXQLW\
DOVR H[LVWV WR VKRUWHQ WKH WLPH VWHS LI D NQRZQ SHULRG RI FOHDU VN\ H[LVWV EHIRUH
WKH SUHGLFWLRQ VWHS $ IXOOHU UHFNRQLQJ RI WKH PHWKRG·V DFFXUDF\ ZKHQ DOWHULQJ
WKH WLPH VWHS LV UHTXLUHG WR PDNH UHFRPPHQGDWLRQV RQ WKHVH HIIHFWV $QRWKHU RS
SRUWXQLW\ WKH 676 PHWKRG DIIRUGV WR HVWLPDWLRQ RI WHPSHUDWXUHV LV WKH DELOLW\ WR
VHOHFW SHUVLVWHQW WUDLQLQJ SL[HOV ZKLFK FRXOG DOVR DVVLVW LQ SHULRGV ZKHUH WUDLQLQJ
GDWD LV OHVV DFFXUDWH 7UDLQLQJ SL[HO ORFDWLRQV FDQ EH KHOG IL[HG RYHU VXEVHTXHQW
SUHGLFWLRQ VWHSV LI WKH QRLVH LQ WKH QHDUHUWHUP WLPH VHULHV RI SUHGLFWRUV LV WRR
JUHDW DQG WKLV LV DOVR DQRWKHU SRWHQWLDO WRSLF IRU LQYHVWLJDWLRQ
,W LV OHVV FHUWDLQ ZKHWKHU RWKHU SDUDPHWHUV VHW LQ WKLV LPSOHPHQWDWLRQ RI 676
UHTXLUH IXUWKHU LWHUDWLRQ 7KH QXPEHU RI WUDLQLQJ SL[HOV VHW IRU SUHGLFWLRQ LV IL[HG
LQ WKLV LQVWDQFH DW  DQG WKLV ZDV GRQH WR SURYLGH D GLUHFW FRPSDULVRQ WR WKH
QXPEHU RI SL[HOV XVXDOO\ DYDLODEOH IRU FRQWH[WXDO HVWLPDWLRQ 7KH SL[HOV VHOHFWHG
LQ WKH WUDLQLQJ VWHS DUH WKH SL[HOV PRVW OLNH WKH WDUJHW DYDLODEOH  DGGLQJ H[WUD WUDLQ
LQJ SL[HOV ZLOO DGG VRPH H[WUD UREXVWQHVV WR HVWLPDWLRQ LQ WKH IDFH RI FORXG LQ WKH
SUHGLFWLRQ LPDJH ZKLOVW DGGLQJ H[WUD QRLVH WR WKH VROXWLRQ LQ PRUH IDYRXUDEOH
FRQGLWLRQV 7KH OLNHOLKRRG LV KLJK WKDW XVHUV ZLOO SUHIHU PRVW UREXVW VROXWLRQV
RQ FORXG\ GD\V DQG WKH H[DFW QXPEHU RI WUDLQLQJ SL[HOV UHTXLUHG WR VXSSO\ WKLV
UHTXLUHV IXUWKHU H[DPLQDWLRQ 7KH UDGLXV RI SUHGLFWLRQ VHW LQ WKLV VWXG\ KDV JHQ
HUDOO\ UHVXOWHG LQ DQ DFFXUDWH VHW RI WUDLQLQJ SL[HOV IRU HVWLPDWLRQ LQ PRVW FDVHV
ZLWK QRWDEOH H[FHSWLRQV EHLQJ LQ VRPH FRDVWDO DQG XUEDQ DUHDV DQG ZKHUH PD
MRU ODQGVFDSH FKDQJH KDV RFFXUUHG GXULQJ WKH WUDLQLQJ SHULRG /RFDWLRQV VXFK DV
WKHVH PD\ EHQHILW IURP D ZLGHU UDQJH RI SL[HOV WR SURYLGH WUDLQLQJ GDWD EXW LQ
FUHDVLQJ WKH VHDUFK UDGLXV GRHV LQYROYH D TXDGUDWLF OHDS LQ SURFHVVLQJ WLPH $UHDV
GLVSOD\LQJ WKHVH WHPSHUDWXUH EHKDYLRXUV PD\ EH EHWWHU VHUYHG E\ D FRQFHUWHG FODV
VLILFDWLRQ VFKHPH LQ RUGHU WR LGHQWLI\ LGHDO WUDLQLQJ SL[HOV RXWVLGH RI WKH VHDUFK
ERXQGV ZLWKRXW XQGXO\ LQFUHDVLQJ D VHDUFK UDGLXV WKDW LV DGHTXDWH IRU PRVW VR
OXWLRQV
,Q JHQHUDO XVH RI WKH 676 PHWKRG IRU HVWLPDWLRQ UHVXOWV LQ D ² LPSURYH
PHQW LQ JOREDO YDULDWLRQ RI EULJKWQHVV WHPSHUDWXUHV ZLWK PRVW QRWDEOH LPSURYH
PHQWV RI XS WR  LQ WKH 7KDLODQG VLWHV H[DPLQHG *LYHQ WKH QDWXUH RI WKH 676
LPSOHPHQWDWLRQ KHUH WKHUH PD\ EH VWLOO URRP IRU VLJQLILFDQW LPSURYHPHQW LQ WHP
SHUDWXUH HVWLPDWLRQ EH\RQG WKRVH ILJXUHV 6XVFHSWLELOLW\ WR FORXG FRYHU UHPDLQV D
PDMRU FRQFHUQ DV LW GRHV ZLWK DQ\ PHWKRG RI EDFNJURXQG HVWLPDWLRQ 7KH FORXG
PDVN XVHG LQ WKLV VWXG\ VHHPV WR KDYH WURXEOH ZLWK RPPLVVLRQ HUURUV LQ WKHVH FDVH
VWXG\ DUHDV ZKLFK FDXVHV HUURQHRXV SL[HO YDOXHV WR VOLS WKURXJK DQG FRQWULEXWH WR
WKH WUDLQLQJ HYDOXDWLRQ 7KHVH HUURUV FDQ DIIHFW ERWK WKH WUDLQLQJ GDWD ZKLFK ZLOO
HOLPLQDWH PRUH DFFXUDWH WUDLQLQJ SL[HOV IURP WKH VHOHFWLRQ DQG WKH WDUJHW SL[HO


 $ 1HZ 6SDWLR7HPSRUDO 6HOHFWLRQ $OJRULWKP IRU (VWLPDWLQJ 8SZHOOLQJ 0HGLXP:DYH
5DGLDWLRQ
:LWK UHJDUG WR WKH UDQJH RI FRQWH[WXDO YDULDWLRQ VKRZQ KHUH LQ FRPSDULVRQ WR
WKH UHVXOWV UHSRUWHG LQ >@ VHOHFWLRQ RI WKH WLPH RI GD\ RI LPDJHV DQDO\VHG LV DQ
LPSRUWDQW FRQVLGHUDWLRQ ² WKH SUHYLRXV VWXG\ VHOHFWHG RQO\ RQH WLPH SRLQW GXULQJ
WKH GD\ ZKHUHDV SUHGLFWLRQV LQ WKLV VWXG\ DUH PDGH DW IRXU WLPH SRLQWV RYHU RQH
GLXUQDO F\FOH 1RWZLWKVWDQGLQJ WKLV YDOXHV FDOFXODWHG E\ FRQWH[W HVWLPDWRUV DJUHH
ZHOO ZLWK WKH SUHYLRXV VWXG\ DSDUW IURP GHFUHDVHV LQ YDULDWLRQ LQ WKH MSQ DUHD DQG
LQFUHDVHV LQ YDULDWLRQ LQ WKH ERU DQG VLE DUHDV
&RPSDULVRQ VHWV XVHG LQ WKLV VWXG\ KDYH RQO\ IRFXVHG XSRQ DUHDV ZKHUH EULJKW
QHVV WHPSHUDWXUH IURP WKH RULJLQDO $+, LPDJH DQG HVWLPDWLRQV IURP ERWK WKH FRQ
WH[WXDO DQG 676PHWKRGV KDYH EHHQ DYDLODEOH 7KLV RPLWV WKH SRUWLRQ RI SL[HOV WKDW
DFKLHYH D 676 HVWLPDWH ZLWK VXIILFLHQW UREXVWQHVV WKDW ODFN D FRLQFLGHQW FRQWH[
WXDO HVWLPDWLRQ 7KH WKUHVKROG VHW IRU WKLV VWXG\ RQ FRQWH[WXDO DYDLODELOLW\ VWHP
IURP WKH VWXG\ E\ >@ ZKLFK FRQFOXGHG WKDW  RI DYDLODEOH DGMDFHQW SL[HOV
ZDV WKH PLQLPXP IRU DFKLHYLQJ VXIILFLHQW DFFXUDF\ LQ HVWLPDWLRQ $V WKH HUURU
LQ 676 HVWLPDWLRQ VLPLODUO\ UHODWHV WR WKH QXPEHU RI SUHGLFWRUV DYDLODEOH DQG LV
QRW DGMDFHQF\EDVHG LW LV SRVVLEOH WKDW VRPH RU DOO RI WKH 676 SL[HO HVWLPDWLRQV
RXWVLGH WKH YDOLG FRQWH[WXDO DUHD DUH KHDOWK\ HVWLPDWHV RI WHPSHUDWXUH
1RWZLWKVWDQGLQJ WKH LVVXHV ZLWK FORXG GHPRQVWUDWHG LQ WKLV VWXG\ RQH SRWHQ
WLDO DGDSWDWLRQ WR WKH 676 WKDW PD\ PDNH FORXG OHVV RI D IDFWRU FRXOG EH LQWHUQDO
LPSOHPHQWDWLRQ RI D FORXG PDVNLQJ SURFHGXUH 7KH 676 SURFHVV LQ D FOHDU VN\
VWDWH KDV EHHQ VKRZQ WR JLYH KLJKO\ DFFXUDWH EDFNJURXQG SUHGLFWLRQV DQG KDV
GHPRQVWUDWHG WKH DELOLW\ WR SLFN RXW PLVDWWULEXWHG FORXG VHH )LJXUH F *LYHQ
HQRXJK FRQILGHQFH LQ HVWLPDWLRQV IURP D FOHDU SHULRG DQRPDORXV SUHGLFWRU SL[
HOV LQ D SUHGLFWLRQ VHW FRXOG EH IODJJHG DV VXFK ZLWK HVWLPDWLRQV ZLWKLQ WKH VDPH
LPDJH VWHHULQJ FOHDU RI XVLQJ WKHVH PDUNHG WUDLQLQJ SL[HOV 7KLV FRXOG DOVR IHHG
LQWR DQ XSGDWHG WUDLQLQJ LPDJH IRU XVH LQ VXEVHTXHQW SUHGLFWLRQ DFWLYLW\ IXUWKHU LQ
WLPH 7KHUH DUH OLPLWV WR WKH HIIHFWLYHQHVV RI VXFK D SURFHVV  D SHUVLVWHQW SHULRG RI
EDG ZHDWKHU PD\ EUHDN WKH FRQWLQXLW\ RI FORXG SURSDJDWLRQ WKURXJK WKH WUDLQLQJ
VHULHV DQG GHPRQVWUDWHG LVVXHV ZLWK ODQGVFDSH FKDQJH GXULQJ WKH WUDLQLQJ SHULRG
PD\ VWLOO QRW EH DGHTXDWHO\ DGGUHVVHG E\ VXFK DQ DSSURDFK 1HYHUWKHOHVV VXFK
DQ H[WHQVLRQ LI PDGH WR ZRUN FRXOG HQKDQFH UHVXOWV FRPLQJ IURP WKLV HVWLPDWLRQ
PHWKRG IXUWKHU
)XUWKHU H[DPLQDWLRQ RI WKH 676PHWKRG LQ DFWLRQ FDQ SURYLGH LQVLJKWV LQWR FRP
PRQ DUWLIDFWV VHH LQ FRQWH[WXDO WHPSHUDWXUH HVWLPDWHV DQG FDQ KLJKOLJKW SURE
OHPV WKDW QHHG DGGLWLRQDO DWWHQWLRQ ([DPSOHV VXFK DV DUHDV RI ORZ WHPSHUD
WXUH DQRPDOLHV DURXQG KLJK WHPSHUDWXUH DQRPDOLHV ILJ D KLJK WHPSHUDWXUH
DQRPDOLHV HQJXOIHG E\ QHLJKERXULQJ DQRPDORXV YDOXHV ILJ E ORZ WHPSHUD
WXUH DQRPDOLHV VXIIHULQJ VLPLODU WUHDWPHQW ILJ F DORQJ ZLWK VWDQGLQJ DQRPD
OLHV VXFK DV XUEDQ KHDW LVODQGV ILJ G GHPRQVWUDWH WKH LQVWDELOLW\ RI XVLQJ
FRQWH[WXDO WHPSHUDWXUH HVWLPDWLRQ LQ SUR[LPLW\ WR DQRPDORXV EHKDYLRXU 5HVXOWV

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FRPLQJ IURP WKHVH W\SHV RI HVWLPDWLRQV IDLO LQ WKH VLWXDWLRQV WKDW WKH\ DUH PRVW
KHDYLO\ UHOLHG XSRQ DQG ILUH DOJRULWKPV KDYH EHHQ FKDQJHG WR DFFHSW WKH IROOLHV
LQ WKH FRQWH[WXDO HVWLPDWLRQ SURFHVV UDWKHU WKDQ WKH RWKHU ZD\ DURXQG
:KLOVW WKH VLPSOLFLW\ RI FRQWH[WXDO WHPSHUDWXUH HVWLPDWLRQ ZLOO HQVXUH LWV XVH
ZLOO FRQWLQXH WKURXJK PDQ\ DSSOLFDWLRQV WKH FRQWH[W PHWKRG VXIIHUV GHPRQVWUD
EOH IODZV LQ DUHDV RI KLJK VSDWLDO KHWHURJHQHLW\ ZLWK VWDQGLQJ DQRPDOLHV RI XS WR
. VHHQ LQ DUHDV RI WKLV VWXG\ 0RUH VRSKLVWLFDWHG LPDJH UHFRQVWUXFWLRQ PHWKRGV
VXFK DV WKH 676 GLVSOD\ PXFK EHWWHU SHUIRUPDQFH LQ WKHVH DUHDV DQG DV FRPSX
WDWLRQDO FRVWV DQG KXUGOHV UHGXFH LQ VL]H WKHUH VKRXOG EH D ZLOOLQJQHVV WR H[SORUH
XVH RI PHWKRGV VXFK DV WKHVH WR DXJPHQW H[LVWLQJ WHPSHUDWXUH HVWLPDWLRQ SUDF
WLFH 6KRUW RI HPEUDFLQJ RWKHU PHWKRGV WKHUH DUH VLPSOH WKLQJV WKDW FDQ EH GRQH
GXULQJ WKH LPSOHPHQWDWLRQ RI FRQWH[WXDO HVWLPDWLRQ VXFK DV RXWOLHU HOLPLQDWLRQ
WKDW FDQ UHGXFH HUURUV DQG OHDG WR PRUH DFFXUDWH SURGXFWV 7KH WLPH RI VLPSO\
DSSO\LQJ D VPRRWKLQJ ILOWHU WR D VDWHOOLWH LPDJH DQG FDOOLQJ LW D GD\ VKRXOG EH ORQJ
JRQH ² ZH FDQ GR EHWWHU
 &RQFOXVLRQ
$ QHZ 0:,5 EDFNJURXQG WHPSHUDWXUH HVWLPDWLRQ PHWKRG KDV EHHQ GHYHORSHG
ZKLFK XVHV VLPLODULWLHV EHWZHHQ D WDUJHW SL[HOV DQG SL[HOV ZLWKLQ D VHDUFK UDGLXV
WR SURYLGH WUDLQLQJ GDWD IRU SL[HO SUHGLFWLRQ 7KH 6SDWLR7HPSRUDO 6HOHFWLRQ 676
GHPRQVWUDWHV DQ LPSURYHPHQW RI EHWZHHQ ² LQ EULJKWQHVV WHPSHUDWXUH HV
WLPDWLRQ RYHU WKH W\SLFDOO\ XWLOLVHG FRQWH[WXDO HVWLPDWLRQ PHWKRG ZLWK DQ RYHUDOO
LPSURYHPHQW LQ WKH ILGHOLW\ RI LPDJH UHSURGXFWLRQ 7KH 676 PHWKRG DOVR DOORZV
IRU WHPSHUDWXUH SUHGLFWLRQ LQ DUHDV WKDW DUH QRW VXLWDEOH IRU FRQWH[WXDO HVWLPD
WLRQ ZLWK DQ LQFUHDVH RI EHWZHHQ ² RI DYDLODEOH HVWLPDWLRQV DQG FDQ DFW
DV D SL[HO HVWLPDWRU LQ FDVHV ZKHUH WKH WDUJHW SL[HO LV REVFXUHG E\ FORXG ²
LQFUHDVH LQ SL[HOV ZLWK YDOLG WHPSHUDWXUHV RYHU WKH EDVH LPDJHV :KLOVW WKH LQLWLDO
LPSOHPHQWDWLRQ RI WKLV PHWKRG IRFXVHV XSRQ JHRVWDWLRQDU\ VHQVRU LPDJHU\ WKH
VWXG\ GHPRQVWUDWHV VFRSH IRU IXUWKHU LQYHVWLJDWLRQ LQWR DGDSWLRQ IRU /(2 LPDJHU\
DQG SURSRVHV H[WHQVLRQV RI WKH PHWKRG LQWR FORXG PDVNLQJ
 7KHVLV &RQWH[W
7KLV FKDSWHU LQWURGXFHG WKH VSDWLRWHPSRUDO VHOHFWLRQ PHWKRG RI EULJKWQHVV WHP
SHUDWXUH HVWLPDWLRQ ZKLFK LV EDVHG XSRQ VHOHFWLRQ RI WUDLQLQJ SL[HOV WKDW PRVW
UHVHPEOH WKH WDUJHW SL[HO LQ WKH LPPHGLDWH DUHD RI WKH WDUJHW 7KH PHWKRG LV DQ
DPDOJDPDWLRQ RI ERWK WHPSRUDO ILWWLQJ IRU WKH FRPSDULVRQ RI FDQGLGDWH SL[HOV
DQG FRQWH[WXDO PHWKRGV FRQVLGHULQJ WKDW RIWHQ 676 ZLOO VHOHFW FDQGLGDWHV IURP

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5DGLDWLRQ
WKH WDUJHW SL[HO FRQWH[W 7KLV FKDSWHU KLJKOLJKWHG WKH SRWHQWLDO RI WKLV PHWKRG IRU
KLJK ILGHOLW\ UHFRQVWUXFWLRQ RI EULJKWQHVV WHPSHUDWXUH LPDJHV 7KH FRQFOXGLQJ
FKDSWHU ZLOO QRW RQO\ VXPPDULVH WKH FRQWHQW RI WKH SUHFHGLQJ FKDSWHUV EXW LW ZLOO
DOVR H[DPLQH WKHRUHWLFDO LPSURYHPHQWV DYDLODEOH WR 676 XVHUV DQG WKH SRWHQWLDO
IRU XVH LQ RWKHU DSSOLFDWLRQV

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 6XPPDU\ RI 5HVXOWV
6DWHOOLWH UHPRWH VHQVLQJ KDV D ORQJ DQG VXFFHVVIXO KLVWRU\ RI XVH IRU ILUH GHWHF
WLRQ SXUSRVHV DQG ZLWK FKDQJLQJ FOLPDWLF FRQGLWLRQV DQG WKH LQFUHDVH RI KXPDQ
LQGXFHG ODQGVFDSH FKDQJH PRUH DFFXUDWH DQG WLPHO\ ILUH GHWHFWLRQ LV LQFUHDVLQJO\
LPSRUWDQW $Q LQWULQVLF SURSHUW\ RI PDQ\ RI WKH ILUH GHWHFWLRQ DOJRULWKPV LQ FRP
PRQ XVH WRGD\ LV WKH UHOLDQFH RQ NQRZOHGJH RI WKH XQSHUWXUEHG VWDWH RI WKH FDQGL
GDWH SL[HO IRU GHWHFWLRQ $V WKLV FDQQRW EH PHDVXUHG GLUHFWO\ GXH WR WKH RXWVL]HG
FRQWULEXWLRQ RI ILUH WR WKH RYHUDOO UDGLDWLRQ EXGJHW PHWKRGV RI HVWLPDWLRQ RI WKLV
XQSHUWXUEHG VWDWH PXVW EH HPSOR\HG LQ RUGHU WR DFFXUDWHO\ LGHQWLI\ DQRPDORXV
EHKDYLRXU IURP LPDJH SL[HOV 7KH IDYRXUHG PHWKRG E\ IDU IRU DFKLHYLQJ WKLV HVWL
PDWLRQ LQ PRVW RSHUDWLRQDO SURGXFWV LV XVH RI DQ HVWLPDWLRQ EDVHG RQ WKH EULJKW
QHVV WHPSHUDWXUHV RI WKH SL[HOV LPPHGLDWHO\ VXUURXQGLQJ WKH FDQGLGDWH SL[HO LQ
D FRQYROXWLRQ ILOWHULQJ VW\OH SURFHVV
7KH DFFXUDF\ RI FRQWH[WXDOEDVHG EULJKWQHVV WHPSHUDWXUH HVWLPDWHV DUH UH
VWULFWHG E\ KRZ VLPLODU WKH VXUURXQGLQJ ODQGVFDSH LV WR WKH FDQGLGDWH SL[HO )DF
WRUV VXFK DV WKH VORSH DQG DVSHFW RI WKH ODQGIRUP ODQG FRYHU DQG ODQG XVH KHW
HURJHQHLW\ DQG WKH SUHVHQFH RI ZDWHU LQ WKH VXUURXQGLQJ SL[HOV DOO FRQWULEXWH
WR UHVXOWDQW HUURUV LQ WHPSHUDWXUH HVWLPDWLRQ XVLQJ FRQWH[W )XUWKHU SHUWXUELQJ
LQIOXHQFHV VXFK DV FORXG FRYHU DQG LQ WKH FDVH RI ILUH WKH SUHVHQFH RI VPRNH
DOVR LQIOXHQFH WKH SRWHQWLDO HQHUJ\ EXGJHW DWWULEXWHG WR WKH VXUURXQGLQJ SL[HOV
DQG WKHUHIRUH WKH WDUJHW HVWLPDWH 'HVSLWH WKH ZLGHVSUHDG XVH RI WKLV W\SH RI HV
WLPDWLRQ QR SUHYLRXV VWXG\ KDV TXDQWLILHG WKH H[WHQW RI HUURUV WKDW UHVXOW IURP
WKH XVH RI VXFK D PHWKRG 7KH FHQWUDO GULYHUV RI WKLV WKHVLV VWXG\ DUH WZRIROG 
ILUVW WR TXDQWLI\ WKH LQKHUHQW HUURUV SHUWDLQLQJ WR XVH RI FRQWH[WXDO HVWLPDWLRQ
RI EDFNJURXQG EULJKWQHVV WHPSHUDWXUH DQG VHFRQG WR GHULYH QHZ PHWKRGV RI
REWDLQLQJ EDFNJURXQG WHPSHUDWXUH WKDW EDVH WKHLU HVWLPDWHV QRW RQO\ XSRQ VLP
LODULWLHV LQ ORFDWLRQ EXW XSRQ VKRUWWHUP WHPSRUDO UHODWLRQVKLSV WKDW HDFK SL[HO
KDV ZLWK SRWHQWLDO FDQGLGDWH HVWLPDWRUV
5HFHQW GHYHORSPHQWV LQ VDWHOOLWHVHQVLQJ WHFKQRORJLHV PDNH WKLV VWXG\ WLPHO\
1HZ JHRVWDWLRQDU\ SODWIRUPV VXFK DV WKH $+, VHQVRU IURP ZKLFK PXFK RI WKLV
VWXG\·V GDWD KDV EHHQ VXSSOLHG DQG *2(6 $%, KDYH EHHQ ODXQFKHG LQ WKH ODVW
IRXU \HDUV FDUU\LQJ VHQVRUV WKDW KDYH LQFUHDVHG RXU FRYHUDJH RI WKH JOREH DQG
FULWLFDOO\ IRU ILUH GHWHFWLRQ LQFUHDVHG RXU WHPSRUDO UHVROXWLRQ &RXSOHG ZLWK WKLV
WKH HQKDQFHG VSDWLDO DQG UDGLRPHWULF UHVROXWLRQV RI WKHVH VHQVRUV QRZ SURYLGH
XV ZLWK FRPSDUDEOH LPDJH TXDOLW\ RI PRGHUDWH UHVROXWLRQ ORZ HDUWK RUELW LPDJHV
IURP RQO\  \HDUV DJR 1HYHU EHIRUH KDYH ZH EHHQ SUHVHQWHG ZLWK WKH HDUWK·V
GLXUQDO ·KHDUWEHDW· LQ DV PXFK GHWDLO DV LV EHLQJ VXSSOLHG E\ WKHVH VHQVRUV 7KH
FXUUHQW SDUDGLJP IRU EULJKWQHVV WHPSHUDWXUH HVWLPDWLRQ LV EDVHG XSRQ PHWKRGV
WKDW WUHDW LPDJHV DV GLVFUHWH DQG LQGHSHQGHQW ZKHUHDV WKHVH VHQVRUV DOORZ XV WR

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GR PRUH WKDQ WKDW EHLQJ DEOH WR OHYHUDJH LQIRUPDWLRQ QRW RQO\ IURP WKH VSDWLDO
VXUURXQGV RI WKH VLQJOH LPDJH EXW IURP WKH LPDJHV LPPHGLDWHO\ SUHFHGLQJ LW LQ
WLPH
&KDSWHU  RI WKLV WKHVLV RXWOLQHV WKH FXUUHQW ILUH GHWHFWLRQ SDUDGLJP DQG WKH
UROH EULJKWQHVV WHPSHUDWXUH HVWLPDWLRQ SOD\V LQ GHVFULELQJ WKH H[LVWHQFH RI ILUH LQ
WKH ODQGVFDSH &KDSWHUV  RI WKLV WKHVLV IRFXV RQ DGGUHVVLQJ WKH UHVHDUFK REMHF
WLYHV RXWOLQHG LQ VHFWLRQ  RI ZKLFK WKH NH\ ILQGLQJV DUH GLVFXVVHG LQ WKLV VHFWLRQ
7KLV ILQDO FKDSWHU SURYLGHV D VXPPDU\ DQG V\QWKHVLV RI WKH PDMRU UHVHDUFK RXW
FRPHV DORQJ ZLWK D URDGPDS IRU IXWXUH H[WHQVLRQ RI WKH PHWKRGV GHVFULEHG LQ
WKLV ZRUN IRU ILUH GHWHFWLRQ DQG RWKHU ILHOGV
4XHVWLRQ  :KDW LV WKH HIIHFW RI V\VWHPDWLF DQG VWUXFWXUDO HUURUV FDXVHG E\
WKH XVH RI FRQWH[WXDO HVWLPDWLRQ LQ FRPPRQ ILUH GHWHFWLRQ WHFKQLTXHV"
&RQWH[WXDOO\ JHQHUDWHG EDFNJURXQG WHPSHUDWXUH HVWLPDWLRQ ZDV VKRZQ WR EH
D VXIILFLHQWO\ DFFXUDWH PHWKRG LQ VLWXDWLRQV ZKHUH OLWWOH WR QR RFFOXVLRQ RI WKH
WDUJHW FRQWH[W RFFXUV EXW WKLV UHODWLRQVKLS GHJHQHUDWHG RQFH PRUH WKDQ RQH WKLUG
RI WKH WDUJHW FRQWH[W LV RFFOXGHG )URP D IXOO GLVN DQDO\VLV RI LPDJHV IURP WKH
$+, VHQVRU LW ZDV VKRZQ WKDW SL[HOV ZLWK OHVV WKDQ  FRQWH[WXDO DYDLODELOLW\
VKRZHG D  LQFUHDVH LQ HVWLPDWLRQ YDULDELOLW\ FRPSDUHG WR WKRVH SL[HOV WKDW
VXIIHUHG QR DGMDFHQW FORXG FRYHUDJH ZLWK WKLV UDWH RI YDULDWLRQ LQFUHDVLQJ ZLWK
OHVV DYDLODEOH FRQWH[W SL[HOV *LYHQ WKH DFFXUDFLHV DV GHWHUPLQHG LQ WDEOH  LW
ZDV GHHPHG WKDW DW OHDVW  RI FRQWH[W SL[HOV VKRXOG EH DYDLODEOH LQ RUGHU WR
DFFXUDWHO\ HVWLPDWH WKH EDFNJURXQG WHPSHUDWXUH RI D WDUJHW SL[HO IURP FRQWH[W
7KLV DYDLODELOLW\ SHUFHQWDJH WUDGHV RII DFFXUDF\ RI HVWLPDWLRQ YHUVXV DYDLODELOLW\
RI SL[HO WHPSHUDWXUH HVWLPDWHV EXW HYHQ DW WKLV UDWH RI DFFHSWDQFH PRUH WKDQ RQH
LQ VHYHQ SL[HOV  ZLOO QRW UHFHLYH D WHPSHUDWXUH HVWLPDWH
7KLV VWXG\ IXUWKHU VKRZHG WKDW WKH XVH RI H[SDQGLQJ FRQWH[WXDO ZLQGRZV IRU
EDFNJURXQG WHPSHUDWXUH GHWHUPLQDWLRQ DV FRPPRQO\ IRXQG LQ PDQ\ ILUH SURG
XFWV LV IXQGDPHQWDOO\ IODZHG 7KH HUURU RI WHPSHUDWXUH HVWLPDWLRQ LQFUHDVHV E\
QHDUO\  ZKHQ LQFUHDVLQJ WKH VHDUFK UDGLXV WR MXVW 7 × 7 LQ VLWXDWLRQV ZKHUH
QR VROXWLRQ ZDV SUHVHQW DW 5× 5 WDEOH  DQG WKH UHFRYHU\ UDWH RI WHPSHUDWXUH
HVWLPDWLRQV DW KLJKHU ZLQGRZ VL]HV IROORZLQJ WKHVH UXOHV ZDV SRRU )RU LQVWDQFH
ZKHQ XVLQJ WKH DIRUHPHQWLRQHG  FRQWH[W WKUHVKROG H[SDQGLQJ WKH ZLQGRZ
RQO\ LQFUHDVHG WKH WRWDO FRXQW RI HVWLPDWHV E\  ZLWK PRVW RI WKHVH HVWLPDWHV
GLVSOD\LQJ VWDQGDUG GHYLDWLRQV DERYH . 7KHVH HVWLPDWHV DUH WRR QRLV\ WR EH RI
DQ\ UHDO XVH  DQ\ VPDOOHU ILUHV ZRXOG EH FRPSOHWHO\ HOLPLQDWHG JLYHQ WKH WROHU
DQFHV WKDW ZRXOG QHHG WR EH DSSOLHG WR KDYH VXUHW\ LQ GHWHFWLRQ RI DQRPDOLHV
$QDO\VLV RI FRQWH[WXDO HVWLPDWLRQ DOVR IRFXVHG XSRQ D QXPEHU RI FDVH VWXG\
DUHDV VHOHFWHG WR GUDZ XSRQ D ZLGH UDQJH RI ODWLWXGH FOLPDWH DQG ODQGIRUP VFHQDU
LRV LQ RUGHU WR LGHQWLI\ SHUWXUELQJ LQIOXHQFHV 7KH VRXUFHV RI YDULDWLRQ KLJKOLJKWHG
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LQ WKHVH FDVH VWXG\ DUHDV ZHUH DOPRVW DV GLYHUVH DV WKH DUHDV WKHPVHOYHV 6RXUFHV
RI KLJK FRQWH[WXDO HVWLPDWH YDULDWLRQ LQFOXGHG ILUH VPRNH VQRZ VHDVRQDO DQG
VSDWLDO YDULDWLRQV LQ ODQG FRYHU XUEDQUXUDO LQWHUIDFHV VORSH DQG DVSHFW VQRZ
OLQHV DQG ODQGZDWHU LQWHUIDFHV 9DULDELOLW\ VKRZHG VLJQLILFDQW FOXVWHULQJ DURXQG
ODQGVFDSH IHDWXUHV ZLWK WKH HIIHFWV KHLJKWHQHG ZKHQ GHSLFWHG DW ODUJHU ZLQGRZ
VL]HV $UHDV ZLWK KLJK ODQG FRYHU KHWHURJHQHLW\ ZHUH SDUWLFXODUO\ VXVFHSWLEOH WR
KLJK HVWLPDWH YDULDWLRQ DQG WKHVH DUH JHQHUDOO\ FULWLFDO DUHDV IRU ILUH GHWHFWLRQ
DQG PRQLWRULQJ DV WKH\ DUH KHDYLO\ DVVRFLDWHG ZLWK KXPDQ DFWLYLW\
4XHVWLRQ  +RZ FDQ ZH XVH WKH FRPPRQ GLXUQDO YDULDWLRQ RI XSZHOOLQJ UDGL
DWLRQ WR HVWLPDWH EULJKWQHVV WHPSHUDWXUH LQ D UREXVW IDVKLRQ"
+DUQHVVLQJ WKH IXOO GLVN WR ILOO JDSV LQ D PRGHO ILWWLQJ WHFKQLTXH SURYHG DQ
HIIHFWLYH WRRO IRU JHQHUDWLQJ EULJKWQHVV WHPSHUDWXUH HVWLPDWHV 7KH GHYHORSHG
PHWKRG UHIHUUHG WR DV WKH %URDG $UHD 7UDLQLQJ PHWKRG DJJUHJDWHG WKH PHGLDQ
WHPSHUDWXUH RI  ×  EORFNV E\ ORFDO VRODU WLPH LQWR DQ LGHDOLVHG GLXUQDO
PRGHO RI WKH ODWLWXGLQDO VZDWK 7KLV GLXUQDO PRGHO ZKLFK ZDV VWDQGDUGLVHG EDVHG
XSRQ WKH PHDQ DQG VWDQGDUG GHYLDWLRQ RI HDFK EORFN ZDV WKHQ ILOWHUHG WR UHPRYH
RXWOLHUV )LWWLQJV WR LQGLYLGXDO SL[HOV WKHQ RFFXUUHG XVLQJ WKLV GLXUQDO PRGHO DV D
EDVLV IRU D VLQJOH YDOXH GHFRPSRVLWLRQ RYHU WKH SUHFHGLQJ K EHIRUH WKH SUHGLF
WLRQ WLPH
,Q FRPSDULVRQ WR D VLQJOH SL[HO ILWWLQJ PHWKRG XVHG LQ >@ WKH %$7 PHWKRG
XWLOLVHG VXIILFLHQW GDWD IRU SL[HO WUDLQLQJ LQ DURXQG  RI FDVHV FRPSDUHG WR
DURXQG  IRU WKH VLQJOH SL[HO PHWKRG 7KH %$7 PHWKRG DOVR VKRZHG UHVLOLHQFH
WR GLVWRUWLRQ RI WKH ILWWLQJ LQ SL[HOV ZLWK LQFUHDVHG FORXG FRYHU LQ WKH SUHFHGLQJ GL
XUQDO SHULRG ZLWKPDMRU LPSURYHPHQWV LQ HVWLPDWH HUURU ZKHQ EHWZHHQ ² RI
WKH GLXUQDO SHULRG H[SHULHQFHG FORXG FRYHU 7KH PHWKRG GHPRQVWUDWHG LQFUHDVHG
ILWWLQJ YLDELOLW\ LQ FRDVWDO DUHDV DQG DUHDV RI VRXWKHDVWHUQ $XVWUDOLD WKDW ZHUH
SRRUO\ FRYHUHG E\ WKH VLQJOH SL[HO ILWWLQJ WHFKQLTXH
4XHVWLRQ  +RZ HIIHFWLYH LV WKH EURDG DUHD ILWWLQJ PHWKRG DW LGHQWLI\LQJ ILUH
UHODWHG EULJKWQHVV WHPSHUDWXUH DQRPDOLHV LQ FRPSDULVRQ WR RWKHU ILUH GHWHFWLRQ
PHWKRGV"
,Q FRPSDULVRQ WR FRPPRQO\ XVHG SRODU RUELW EDVHG ILUH SURGXFWV %$7 GHULYHG
HVWLPDWLRQV SURYLGHG D VROLG EDVHOLQH WR LGHQWLI\ DQRPDOLHV LQ JHRVWDWLRQDU\ LP
DJHU\ )RU VLWXDWLRQV ZLWK ILUH GHWHFWLRQV IURP ERWK WKH 9,,56 DQG 02',6 DFWLYH
ILUH SURGXFWV DQRPDORXV DFWLYLW\ ZDV UHFRUGHG LQ  RI FDVHV DW D FXWRII WHP
SHUDWXUH WKUHVKROG RI . XVLQJ %$7 ZLWK V\QFKURQRXV GHWHFWLRQ LQ DOPRVW KDOI
RI WKRVH FDVHV &RQVLGHULQJ WKH PXFK ODUJHU SL[HO VL]H RI WKH JHRVWDWLRQDU\ VHQ
VRU DQG WKH HSKHPHUDO QDWXUH RI ILUH WKH RPLVVLRQ UDWH ZDV FRQVLGHUDEO\ ORZHU
WKDQ H[SHFWHG 7KH FRPPLVVLRQ UDWH RI GHWHFWLRQ XVLQJ WKH %$7 PHWKRG DW WKH

 7KH %DFNJURXQG %HKLQG %DFNJURXQG
. WKUHVKROG ZDV DURXQG  LQ FRPSDULVRQ WR D EXUQHG DUHD SURGXFW DGDSWHG
IRU WKH VWXG\ DUHD ZKLFK ZDV DOVR ORZHU WKDQ H[SHFWHG
7KH ODUJHVW EHQHILW RI WKH %$7 PHWKRG ZDV IRU ILUVW GHWHFWLRQ ,PSURYHPHQWV
LQ GHWHFWLRQ WLPH ZKHQ XVLQJ WKH %$7 ILWWLQJV RQ $+, WHPSHUDWXUH PHDVXUHPHQWV
ZHUH EHWZHHQ K DQG K GHSHQGHQW XSRQ WKH SUR[LPLW\ RI WKH WLPH RI ILWWLQJ
WR WKH ILUVW DQRPDO\ GHWHFWHG LQ WKH GLXUQDO F\FOH IRU WKH . WKUHVKROG 7KLV ZDV
H[SHFWHG EHKDYLRXU JLYHQ WKHPXFK KLJKHU WHPSRUDO FRYHUDJH RI WKH JHRVWDWLRQDU\
VHQVRU EXW ZDV VWLOO D SURPLVLQJ UHVXOW LQ WKH FRQWH[W RI WKH ILWWLQJ PHWKRG DQG
JLYHQ WKH FRDUVH VSDWLDO UHVROXWLRQ 7KH VWXG\ VKRZHG WKH YLDELOLW\ RI XVLQJ VXFK
D PHWKRG LQ D QHDUUHDOWLPH FDSDFLW\ DV WKH DFFXUDF\ RI WHPSHUDWXUH ILWWLQJV
LPSURYHG ZKHQ WKH HVWLPDWLRQ HQGHG FORVHU WR WKH WLPH RI ILUVW GHWHFWLRQ
4XHVWLRQ  +RZ FDQ ZH XVH VLPLODULWLHV LQ LPDJH FKDUDFWHULVWLFV RYHU WLPH WR
LPSURYH WHPSHUDWXUH HVWLPDWLRQ RYHU D VLQJOHLPDJH FRQWH[WXDO DSSURDFK"
8VLQJ D GHILQHG VHDUFK UDGLXV DQG GLVFUHWH VHW RI WUDLQLQJ LPDJHV ZH LGHQWLILHG
FDQGLGDWH WUDLQLQJ SL[HOV EDVHG XSRQ WKHPDJQLWXGH RI GLIIHUHQFHV IURP WKH WDUJHW
DQG WKHQ XVHG WKHVH WUDLQLQJ SL[HOV WR SURYLGH YDOXHV IRU SL[HO HVWLPDWLRQ LQ D ODWHU
LPDJH D WHFKQLTXH NQRZQ DV WKH VSDWLRWHPSRUDO VHOHFWLRQ 676 PHWKRG 7KH 676
PHWKRG GHPRQVWUDWHV D VLJQLILFDQW LPSURYHPHQW LQ WHPSHUDWXUH HVWLPDWLRQ DFFX
UDF\ ZLWK LPSUHVVLYH UHSURGXFWLRQ RI LPDJHV LQ FRPSDULVRQ WR WKH UDZ VHQVRU
LPDJHV 7KH 676 PHWKRG GHPRQVWUDWHV DQ LPSURYHPHQW LQ HVWLPDWH YDULDWLRQ RI
EHWZHHQ ² LQ DUHDV ZLWK VXIILFLHQW FOHDU VN\ IRU SL[HO WUDLQLQJ SXUSRVHV FRP
SDUHG WR 5×5 FRQWH[WXDO HVWLPDWLRQ 7KH 676 PHWKRG DOVR DOORZV IRU WHPSHUDWXUH
HVWLPDWHV LQ PRUH ORFDWLRQV LQFOXGLQJ XQGHU FORXG ZLWK DQ LQFUHDVH LQ HVWLPDWH
DYDLODELOLW\ RI EHWZHHQ ² ZKHQ FRPSDUHG WR FRQWH[WXDO HVWLPDWHV
5HVXOWV IURP WKLV VWXG\ DOVR IXUWKHU KLJKOLJKWHG GHILFLHQFLHV LQ FRQWH[WXDO HV
WLPDWHV ZKHQ IDFHG ZLWK DQRPDORXV WHPSHUDWXUH EHKDYLRXU ZLWK 676 HVWLPDWHV
PRUH UHDGLO\ LGHQWLI\LQJ WKHVH DQRPDOLHV ZLWK ORZHU QRLVH DQG KLJKOLJKWLQJ ODUJHU
DUHDV RI DQRPDORXV WHPSHUDWXUH EHKDYLRXU FRPSDUHG WR WKH FRQWH[WXDO HVWLPDWHV
7KH 676 PHWKRG DOVR KDV VFRSH IRU LPSURYHPHQW ZLWK UHJDUG WR FDQGLGDWH SL[HO
VHOHFWLRQ ZLWK D QXPEHU RI FULWHULD WKDW PD\ EH PRGLILHG WR LPSURYH WKH UHVXOWDQW
WHPSHUDWXUH HVWLPDWLRQ IXUWKHU
 7KH %DFNJURXQG %HKLQG %DFNJURXQG
,Q KLQGVLJKW D VWXG\ ZLWK D IRFXV XSRQ EDFNJURXQG WHPSHUDWXUH HVWLPDWLRQ VHHPV
D ORQJ ZD\ IURP WKH JUDQG GHVLJQ RI IL[LQJ VDWHOOLWH ILUH GHWHFWLRQ IURP JHRVWDWLRQ
DU\ VHQVRUV 7KH VWXG\ LWVHOI KDV YHU\ OLWWOH WR GR ZLWK WKH DEVROXWH GHWHUPLQDWLRQ
RI DFWLYH ILUH LQ WKH HQYLURQPHQW SDUWLDOO\ GXH WR WKH GLIILFXOWLHV SUHVHQWHG E\ YDO
LGDWLQJ WKH HSKHPHUDO SHUWXUELQJ LQIOXHQFH FDXVHG E\ ILUH :KLOH FRQGXFWLQJ WKLV

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UHVHDUFK ZLWK WKH IRFXV RQ HYHULQFUHDVLQJO\ FRPSOLFDWHG DOJRULWKPV DQG IDOVH
DODUP GHWHFWRUV WKH ODFN RI FRPSOH[LW\ LQYROYHG LQ WKH EDFNJURXQG WHPSHUDWXUH
HVWLPDWH XVHG E\ DOPRVW DOO RI WKHVH ILUH GHWHFWLRQ WHFKQLTXHV ZDV VWULNLQJ :K\
RI DOO WKLQJV ZDV WKLV PHDVXUH ZKLFK VHHPLQJO\ KHOG WKH NH\ WR ERWK ILQGLQJ WKH
ILUH LQ WKH ILUVW SODFH DQG WKHQ LQ VRPH PHWKRGV SURYLGLQJ HVWLPDWHV RI ILUH VL]H
DQG VHYHULW\ EDVHG XSRQ VRPHWKLQJ DV FUXGH DV DQ DGMXVWHG VPRRWKLQJ ILOWHU"
:KLOVW WKH SUDFWLFDOLW\ RI XVLQJ VXFK D PHWKRG IRU HVWLPDWLRQ EDVHG XSRQ WKH
VSDWLDODXWRFRUUHODWLRQ SULQFLSOH >@ LV XQTXHVWLRQDEOH HVSHFLDOO\ LQ WKH HDUOLHU
GD\V RI UHPRWH VHQVLQJ ZKHQ VLPSOLFLW\ UXOHG DOO WKH JHQHUDO DFFHSWDQFH LQ WKH
SUHVHQW RI WKLV HVWLPDWLRQ PHWKRG GHVSLWH LWV REYLRXV IODZV GUHZ PH LQ WR ORRN
GHHSHU
7KH ILUVW SLHFH RI ZRUN SUHVHQWHG LQ WKLV WKHVLV DWWHPSWV WR TXDQWLI\ WKH PDJ
QLWXGH RI WKH HUURU DVVRFLDWHG ZLWK WKH XVH RI VXFK D PHWKRG 6LJQLILFDQWO\ WKH
UHVXOWV DUH FULWLFDO RI WKH H[SDQVLRQ PHWKRG XVHG WR SURYLGH GDWD ZKHQ LQVXI
ILFLHQW DGMDFHQW FRQWH[WXDO LQIRUPDWLRQ LV DYDLODEOH IRU FDOFXODWLRQ 7KLV ZLGHO\
DFFHSWHG PHWKRG WR DXJPHQW GDWD GHULYHG IURP VSDWLDO FRQWH[W GRHVQ·W SURYLGH
VDWLVIDFWRU\ OHYHOV RI DFFXUDF\ IRU FDOFXODWLRQ RI ILUH FKDUDFWHULVWLFV DQG EDUHO\
DGGV WR WKH QXPEHU RI SL[HO HVWLPDWLRQV DQ\ZD\ IRU WKH SULFH RI EHLQJ KHDYLO\
FRPSXWDWLRQDO\ LQWHQVLYH ,I RQO\ RQH WKLQJ HPHUJHV IURP WKLV WKHVLV DV D VLJQLI
LFDQW FRQWULEXWLRQ WR WKH DFWLYH ILUH FRPPXQLW\ LW·V WKDW WKH FXUUHQW SDUDGLJP
IRU DQRPDO\ GHWHFWLRQ LV IODZHG LQ FRQGLWLRQV PRVW OLNHO\ EH DVVRFLDWHG ZLWK ILUH
GHWHFWLRQ  WKDW LV DUHDV WKDW PD\ EH FORXG FRYHUHG DQG XQGHUJRLQJ OLJKWQLQJ
VWULNHV DQG DUHDV RI SRWHQWLDO ILUH VSUHDG WKDW DUH RFFOXGHG E\ VPRNH (VWLPDWHV
WDNHQ IURP VSDWLDO FRQWH[WXDO PHDVXUHPHQWV GXULQJ WKHVH WLPHV DUH D PXGGOHG
PHVV &RPPRQO\ ILUH GHWHFWLRQ WHFKQLTXHV IRU H[DPSOH WKH 02',6 $) SURGXFW
>@ KDYH WDNHQ D WZRSDVV DSSURDFK WR DQRPDO\ LGHQWLILFDWLRQ LGHQWLI\LQJ SRWHQ
WLDO DQRPDOLHV XVLQJ D VHULHV RI WKUHVKROGV DQG WKHQ UXOLQJ IDOVH GHWHFWLRQV RXW
XVLQJ D VHULHV RI WHVWV 7KH ILQGLQJV RI WKH ZRUN LQ &KDSWHU  VWURQJO\ VXJJHVW WKDW
D XQLYHUVDO VHW RI WKUHVKROGV IRU DQRPDO\ LGHQWLILFDWLRQ LV WKH ZURQJ DSSURDFK 
WKH G\QDPLF UDQJH RI UHFRUGHG WHPSHUDWXUHV LQ VRPH ODQGVFDSHV LV VXFK WKDW MXVW
VFRRSLQJ WKH EULJKWHVW SRUWLRQ RI SL[HOV DV D ILUVW SDVV ZLOO PLVV D VLJQLILFDQW SRU
WLRQ RI ILUH DFWLYLW\ DQG WKLV LV UHDIILUPHG LQ VRPH RI WKH UHVXOWV RI WKH 676 VWXG\
LQ &KDSWHU 
7KH IODZV VHHQ LQ HVWLPDWHV GHULYHG IURP VSDWLDO FRQWH[W GURYH WKH LQYHVWLJD
WLRQ LQWR WKH XVH RI RWKHU PHWKRGV IRU EDFNJURXQG WHPSHUDWXUH HVWLPDWLRQ EXW
WKH\ ZHUH QRW WKH VROH GULYHU IRU LQYHVWLJDWLRQ RI WKH PXOWLWHPSRUDO WHFKQLTXHV
FRYHUHG LQ WKH VXEVHTXHQW FKDSWHUV 5HFHQW ODXQFKHV RI QHZ JHQHUDWLRQ JHRVWD
WLRQDU\ VDWHOOLWHV VXFK DV WKH +LPDZDUL $+, VHQVRU XVHG SUHGRPLQDWHO\ LQ WKLV
VWXG\ DQG *2(6 $%, KDYH VHHQ D JHQHUDO LPSURYHPHQW LQ WKH OHYHO RI VSD
WLDO WHPSRUDO DQG UDGLRPHWULF UHVROXWLRQ DYDLODEOH IURP JHRVWDWLRQDU\ LPDJHU\ $

 7KH %DFNJURXQG %HKLQG %DFNJURXQG
UHDO RSSRUWXQLW\ SUHVHQWHG WR XVH WKH GDWD IURP VXFK VHQVRUV LQ QHZ DQG H[FLW
LQJ ZD\V DQG WR SRWHQWLDOO\ EUHDN DZD\ IURP WKH IODZHG SDUDGLJP RI FRQWH[WXDO
HVWLPDWLRQ E\ XVLQJ WLPH DV D GLPHQVLRQ LQ DQRPDO\ GHWHFWLRQ 7KLV EHLQJ VDLG
DGRSWLQJ D QHZ VHQVRU DQG QHZ ZRUNIORZV DOVR SRVHV D VHULHV RI FKDOOHQJHV WR HI
ILFLHQW DQG HIIHFWLYH UHVHDUFK RXWFRPHV 2XU JUHDWHVW FKDOOHQJH ZLWK XVLQJ $+,
ZDV WKH ODFN RI YDOLGDWHG FORXG PDVN LQIRUPDWLRQ ZKLFK LV RI YLWDO LPSRUWDQFH WR
VXFFHVVIXO LVRODWLRQ RI QHJDWLYH DQRPDOLHV LQ DQ\ JURXS RI HVWLPDWLRQ YDOXHV :H
IRXQG PL[HG UHVXOWV ZLWK D QXPEHU RI XQSXEOLVKHG PDVNLQJ SURGXFWV DQG KDG
WURXEOH XQGHUVWDQGLQJ WKH GHFLVLRQV PDGH LQ WKH GHYHORSPHQW RI VRPH RWKHUV
WKDW KDG EHHQ DSSOLHG WR WKLV VHQVRU )RU LQVWDQFH WKH $+, ZRUN SXEOLVKHG E\
>@ DSSOLHV D FORXG PDVN EDVHG XSRQ D VHULHV RI DEVROXWH WKUHVKROGV GHYHORSHG
IRU RWKHU VHQVRUV ZLWK D KLJK RPLVVLRQ UDWH UHSRUWHG IRU XVH RQ WKH *2(6 VHQVRU
>@ 7KLV RPLVVLRQ UDWH ZKHQ UHFRQFLOHG ZLWK WKH SHUFHQWDJH RI WRWDO FORXG FRYHU
UHSRUWHG LQ &KDSWHU  VXJJHVWV WKDW ODUJH QXPEHUV RI FORXG SL[HOV DUH PDNLQJ
LW SDVW WKLV PDVNLQJ SURFHVV ZLWK SRWHQWLDOO\  RI DOO XQIODJJHG SL[HOV SRWHQ
WLDOO\ EHLQJ FORXG DIIHFWHG LQ VRPH ZD\ ,Q VSLWH RI WKLV D ODFN RI RWKHU RSWLRQV
GURYH XV WR WKH XVH RI VXFK D PDVN ZLWK WKH DFFHSWDQFH WKDW WKH HUURUV DVVRFL
DWHG ZLWK LW FRXOG KHDYLO\ LQIOXHQFH WKH VXEVHTXHQW DFFXUDF\ RI GHULYHG HVWLPDWHV
2XU FRQFHUQV DERXW FORXG PDVNLQJ GURYH WKH DGRSWLRQ RI WKH %$7 SURFHVV ZKLFK
ORRNHG WR SURYLGH D PXOWLWHPSRUDO VROXWLRQ WR WHPSHUDWXUH HVWLPDWLRQ ZLWKRXW
WKH UHOLDQFH RQ FORXG PDVNLQJ
7KH %$7 PHWKRG FUHDWHV D QHZ ZD\ RI GHWHUPLQLQJ WUDLQLQJ GDWD IRU D VLJQDO
ILWWLQJ SURFHVV  LQ QR RWKHU ZRUN KDYH , IRXQG UHIHUHQFH WR WKH XVH RI DJJUHJDWHG
EURDG DUHD PHDVXUHPHQWV WR SURYLGH D WLPHFRUUHFWHG VLJQDO 0D\EH QR RQH HOVH
ZDV FUD]\ HQRXJK WR ORRN DW LW  ILJXULQJ RXW KRZ WR UHFRQFLOH ORFDO VRODU WLPH ZLWK
LPDJH UHFRUGLQJ LQWHUYDOV DQG VHQVRU VFDQ RIIVHWV WR SURYLGH WKH VWDQGDUGLVHG
VLJQDO ZDV WKH UHVXOW RI PDQ\ PRQWKV ZRUN :KLOVW LQ WKLV FDVH WKH %$7 ZDV XVHG
WR LVRODWH D UHODWLYHO\ KLJK IUHTXHQF\ VLJQDO GLXUQDO YDULDWLRQ WKHUH LV SRWHQWLDO
IRU LWV XVH WRPDS VHDVRQDO DQG DQQXDO WUHQGV LQ GDWD VHWV DQG VXEVHTXHQWO\ LVRODWH
FKDQJHV $SSOLFDWLRQ LQ ZDYHOHQJWKV RWKHU WKDQ WKH 0:,5 KDV JUHDW SRWHQWLDO
IRU D PHWKRG VXFK DV WKLV WR PDS FKDQJHV LQ VHD VXUIDFH WHPSHUDWXUH DQG SODQW
SKHQRORJ\ IRU LQVWDQFH 2I FRXUVH WKHUH DUH REYLRXV LPSURYHPHQWV WKDW VKRXOG
EH PDGH LI WKHVH DSSOLFDWLRQV DUH WR FRPH WR SDVV 7KH ILWWLQJ PHWKRG ZKLFK XVHG
D SULQFLSDO FRPSRQHQW DQDO\VLV WR GHULYH WKH ILWWLQJ WUDMHFWRU\ RYHU WKH SUHGLFWLRQ
YHFWRU GLGQ·W WDNH LQWR DFFRXQW RXU NQRZOHGJH RI ZKDW WKH UHVXOWDQW VLJQDO VKRXOG
ORRN OLNH HQRXJK 7KH YHU\ VWURQJ GLXUQDO VLJQDO IRXQG LQ WKH VWDQGDUG PRGHO ZDV
RIWHQ XQDEOH WR EH UHFRQFLOHG LQ FORXGDIIHFWHG SUHGLFWLRQ YHFWRUV HYHQ WKRXJK ZH
NQHZ ZKDW WKH UHVXOWDQW ILWWLQJ VKRXOG ORRN OLNH 5HFRQILJXULQJ WKH %$7 PHWKRG
RI VLJQDO GHULYDWLRQ WR HQFRPSDVV ERWK H[WHUQDO FORXG PDVN GDWD DQG WR ZHLJKW
WKH VWURQJ GLXUQDO VLJQDO PRUH KHDYLO\ ZRXOG YDVWO\ LPSURYH ZKDW LV DOUHDG\ DQ
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LPSUHVVLYH XVH RI WKH YROXPHV RI JHRVWDWLRQDU\ VHQVRU GDWD DYDLODEOH IRU VXFK D
WDVN
7KH DSSOLFDWLRQ RI %$7 ILWWLQJV WR WKH WDVN RI DQRPDO\ LGHQWLILFDWLRQ ZDV WKH
WRSLF RI &KDSWHU  RI WKH WKHVLV DQG ZKLOVW WKH UHVXOWV GHULYHG IURP WKLV VWXG\
VKRZHG LPSURYHPHQWV LQ GHWHFWLRQ WLPHV HVSHFLDOO\ WKH VWUHQJWK RI WKHVH UHVXOWV
YLQGLFDWHV WKH FKRLFHV PDGH LQ WKH GHVLJQ RI WKH VHQVRU XVHG UDWKHU WKDQ WKH %$7
PHWKRG *LYHQ WKDW WKH UHOHYDQW LQIRUPDWLRQ ZLWK UHJDUG WR LVRODWLRQ RI SRWHQ
WLDO WKHUPDO DQRPDOLHV LGHQWLILHG LQ &KDSWHU  ZDV QRW DYDLODEOH DW WKDW WLPH GXH
WR LVVXHV ZLWK FORXG PDVNLQJ SURGXFWV D VHULHV RI WKUHVKROGV ZDV H[DPLQHG IRU
LGHQWLI\LQJ WKHUPDO DQRPDOLHV LQVWHDG RI WDLORUHG WKUHVKROGV EDVHG XSRQ D JLYHQ
VWXG\ DUHD 7KH FDVH VWXG\ DUHD XVHG LQ &KDSWHU  YHU\ FORVHO\ RYHUODSSHG WKDW RI
WKH QRUWK ZHVWHUQ $XVWUDOLD UHJLRQ FRYHUHG LQ WKH FRQWH[WXDO DQDO\VLV VWXG\ &KDS
WHU  DQG WKH VWDQGDUG GHYLDWLRQV UHSRUWHG LQ VHFWLRQ  SUREDEO\ VXJJHVW WKDW
WKH WKUHVKROGV XVHG LQ WKLV VWXG\ ZHUH WRR DJJUHVVLYH WR GHILQLWLYHO\ FDWHJRULVH ILUH
DFWLYLW\ 1HYHUWKHOHVV WKH VWXG\ VKRZHG WKH SUDFWLFDO HIIHFWLYHQHVV RI XVLQJ VXFK
D ILWWLQJ WHFKQLTXH WR LVRODWH DQRPDOLHV QRWKZLWKVWDQGLQJ WKH SRWHQWLDO LPSURYH
PHQWV WKDW FRXOG EH PDGH DV PHQWLRQHG HDUOLHU LQ WKLV VHFWLRQ 7KH ZRUN DOVR
KLJKOLJKWHG WKH LPSRUWDQFH RI SURSHU DQDO\VLV RI GDWD VRXUFHV VXFK DV WKH $+,
VHQVRU  WKH YDVW LPSURYHPHQWV LQ GHWHFWLRQ WLPH VHHQ LQ WKLV VWXG\ ZRXOG KDYH
EHHQ MXVW DV DSSDUHQW LQ D VSDWLDO FRQWH[WXDO VWXG\ RI WKH VDPH ILUH DFWLYLW\ DQG
WKH VWXG\ SURYLGHG DQ RSSRUWXQLW\ WR EH PHDVXUHG IDYRXUDEO\ DJDLQVW DFWLYH ILUH
SURGXFWV LQ FRPPRQ XVDJH
 $ 1HZ 'LUHFWLRQ IRU 5HDO7LPH $QRPDO\ 'HWHFWLRQ
$ SDUWLFXODUO\ H[FLWLQJ GHYHORSPHQW LQ WKH SURFHVV RI FRPSOHWLQJ WKLV WKHVLV KDV
EHHQ WKH LPSOHPHQWDWLRQ RI WKH VSDWLRWHPSRUDO VHOHFWLRQ PHWKRG &KDSWHU  DQG
WKH UHVXOWV GHULYHG IURP LW 7KLV PHWKRG ZKLFK XVHV VHOHFWLRQV RI FDQGLGDWH SL[HOV
EDVHG XSRQ D VHW RI WUDLQLQJ LPDJHV LQ WKH UHFHQW KLVWRU\ EHIRUH WKH SUHGLFWLRQ
LPDJH SURYLGHV LPDJHV RI HVWLPDWHG SL[HO YDOXHV ZLWK D VWULNLQJ UHVHPEODQFH WR
WKH VHQVRU UHFRUGHG SUHGLFWLRQ LPDJHV FHUWDLQO\ LQ FRPSDULVRQ WR WKH FRQWH[WXDO
LPDJHV SUHVHQWHG DORQJVLGH 7KH JOREDO HVWLPDWH RI HUURU IRU PRVW VLWHV LV DQ
LPSURYHPHQW RI DURXQG ² EDVHG XSRQ WKH VWDQGDUG GHYLDWLRQ RI GLIIHUHQFHV
IURP WKH WDUJHW YDOXH 7KH WUXH SRWHQWLDO LQ WKLV PHWKRG FRPHV IURP LWV IOH[LELOLW\
LQ WKH FKRLFH RI WUDLQLQJ FULWHULD ZKLFK LV RQO\ EULHIO\ WRXFKHG XSRQ LQ WKH WKHVLV
FKDSWHU LW ZDV LQWURGXFHG LQ
2QH RI WKH FRPPRQ WKHPHV RI WKLV VWXG\ LV WKH FKDOOHQJH LPSRVHG E\ FORXG
EDVHG RFFOXVLRQ DQG LWV HIIHFW XSRQ DFFXUDWH WHPSHUDWXUH UHSURGXFWLRQ 7KH 676
PHWKRG GHPRQVWUDWHV D UHDVRQDEO\ DFFXUDWH PHWKRG RI WHPSHUDWXUH HVWLPDWLRQ

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ZKLFK ZRXOG EH H[SHFWHG WR IXUWKHU LPSURYH ZLWK WKH DGGLWLRQ RI D TXDOLW\ FORXG
PDVN 7KH SRWHQWLDO OLHV LQ WKH 676 PHWKRG WR FLUFXPYHQW WKH QHHG IRU DQ H[WHU
QDOO\ SURYLGHG FORXG PDVN ,I HQRXJK FOHDU VN\ JURXQG WHPSHUDWXUHV DUH DYDLODEOH
DW D SDUWLFXODU WLPH SRLQW WKH DFFXUDF\ RI WKH WUDLQLQJ HVWLPDWRUV UHODWLYH WR WKH
WDUJHW SL[HO FDQ UHYHDO LQIRUPDWLRQ DERXW SRWHQWLDO DQRPDORXV WHPSHUDWXUH UHDG
LQJV LQ WKH WUDLQLQJ SL[HOV *LYHQ HQRXJK YDULHW\ LQ WUDLQLQJ SL[HOV LQ FRPSDULVRQ
WR WDUJHW SL[HOV DQG ZLWK DQ LQFUHDVH LQ WKH YDOXH RI ntrain RXWOLHUV LQ WKH WUDLQLQJ
VWDFNV FDQ EH LVRODWHG DQG ZLWK DQ HQVHPEOH DJJUHJDWLRQ SURFHVV EDVHG XSRQ WKH
VXVSHFWHG FRQILGHQFH LQ HDFK WUDLQLQJ SL[HO D PDS RI SRWHQWLDO DQRPDOLHV FRXOG EH
FUHDWHG EDVHG XSRQ WKLV 'HSHQGHQW XSRQ KRZ WKH PRGHO LV LQLWLDOLVHG DQRPDOLHV
RQ WKH IULQJH RI FOHDU VN\ DUHDV FRXOG EH IODJJHG DV VXFK WR DVVLVW LQ ERWK HOLPL
QDWLQJ HUURQHRXV WUDLQLQJ YDOXHV IRU VXEVHTXHQW HVWLPDWHV DQG WR LGHQWLI\ RWKHU
DQRPDORXV YDOXHV ,Q WKLV ZD\ WKLV WKH FORXG DQG ILUH LVRODWLRQ SURFHVV FRXOG
DFW LQ OLHX RI DQ H[SOLFLW H[WHUQDO FORXG PDVN ZKLFK PD\ ZHOO UHVXOW LQ IXUWKHU
LPSURYHPHQWV WR PHWKRG DFFXUDF\
$QRWKHU XQH[SORUHG IDFHW RI 676 LV WKH DELOLW\ WR SUHVHUYH SUHGLFWRU SL[HOV RYHU
WLPH 7R D FHUWDLQ H[WHQW WKH WUDLQLQJ SKDVH RI 676 LV LQGHSHQGHQW RI WKH SUHGLF
WLRQ SKDVH 7KH H[DFW DPRXQW RI WLPH WKDW VHOHFWHG WUDLQLQJ SL[HOV DUH YDOLG DV
HVWLPDWRUV LV XQNQRZQ EXW WKH OLNHOLKRRG LV WKDW PDMRU FKDQJHV LQ WKH ORFDWLRQ
RI WUDLQLQJ SL[HOV ZRXOG RQO\ RFFXU ZKHUH WKHUH LV D PDMRU FKDQJH LQ WKH FRPSR
VLWLRQ RI ODQG FRYHU LQ HLWKHU WKH WDUJHW SL[HO RU WKH WUDLQLQJ SL[HO 7KH PDJQLWXGH
RI WKLV FKDQJH LV DOVR RI LPSRUWDQFH RI FRXUVH EXW EDVHG XSRQ WKH WKH UHODWLYHO\
FRDUVH VSDWLDO VFDOH WKDW KDV EHHQ H[DPLQHG ZLWK LPDJHU\ LQ WKLV VWXG\ ∼NP
GLVWXUEDQFHV VXFK DV ILUH ODQG FOHDULQJ DQG IORRGLQJ DUH WKH RQO\ IDFWRUV OLNHO\
WR FKDQJH WKH WHPSRUDO VLJQDWXUH RI SL[HOV RYHU WLPH ,Q DQ DUHD RI UHODWLYH WHP
SHUDWXUH VWDELOLW\ WKLV PHDQV ZH PD\ EH DEOH WR SUHVHUYH D VHW RI WUDLQLQJ SL[HO
ORFDWLRQV IURP D JRRG VROXWLRQ WR ILOO LQ JDSV LQ HVWLPDWLRQV ZKHQ WKH WUDLQLQJ
GDWD VHW LV VHYHUHO\ DIIHFWHG E\ FORXG RFFOXVLRQ
$ PRUH FRPSOH[ WDVN EXW QRW RXW RI WKH UHDOPV RI SRVVLELOLW\ LV WKH DSSOLFD
WLRQ RI WKH 676 PHWKRG WR QRQFRQWLQXRXV WLPH VHULHV LPDJHU\ VXFK DV WKDW IURP
SRODU RUELWLQJ VHQVRUV &RQVLGHULQJ WKH 676 SURYLGHV RQO\ WKH ORFDWLRQ RI VXLWDEOH
HVWLPDWRU SL[HOV DQG FDUULHV IRUZDUG QR LQIRUPDWLRQ DERXW SL[HO SURSHUWLHV IRU
ILWWLQJ SXUSRVHV WKHVH ORFDWLRQV VKRXOG EH DEOH WR EH DSSOLHG WR LQGLYLGXDO FDS
WXUHV IRU SUHGLFWLRQ SXUSRVHV HYHQ ZLWK LPDJH VHWV WKDW ODFN D FRPSOHWH GLXUQDO
GHILQLWLRQ $ PDMRU VWXPEOLQJ SRLQW ZLWK WKLV DGDSWDWLRQ PD\ EH GLVFUHWH SL[HO
ORFDWLRQV ZKLFK DUH UHDGLO\ DYDLODEOH DQG UHJXODUO\ UHSHDWHG LQ JHRVWDWLRQDU\ LP
DJHU\ EXW YDU\ ZLOGO\ EDVHG XSRQ RUELWDO JHRPHWULHV LQ WKH FDVH RI SRODU RUELWHUV
7KLV FRXOG EH FRXQWHUDFWHG E\ WKH XVH RI FRQILGHQFH PHDVXUHV IRU WKH JLYHQ WUDLQ
LQJ ORFDWLRQV ZKLFK FRXOG WKHQ EH DSSOLHG LQ D QHDUHVW QHLJKERXU HVWLPDWLRQ RU
VRPHWKLQJ PRUH FRPSOH[ NHHSLQJ LQ PLQG WKDW LQ PRVW FDVHV WKH DYDLODEOH VWDWLV

 6\QWKHVLV
WLFDO VWUHQJWK RI WHPSHUDWXUH HVWLPDWHV LV KLJK
7KLV VWXG\ KDV IRFXVHG XSRQ WKH HVWLPDWLRQ RI VXUIDFH WHPSHUDWXUHV LQ WKH
FRQWH[W RI ILUH GHWHFWLRQ EXW DW WKHLU KHDUW WKHVH HVWLPDWHV SURYLGH D EDVHOLQH IRU
WHVWLQJ DOO VRUWV RI DQRPDORXV EHKDYLRXU LQ VDWHOOLWH LPDJHU\ DQG PDSSLQJ VKRUW
DQG ORQJWHUP FKDQJH EDVHG XSRQ WKLV W\SH RI DQRPDO\ LGHQWLILFDWLRQ 5HVXOWV
IURP FKDSWHU  VKRZHG WKH SRWHQWLDO WR KLJKOLJKW FKDQJH GXH WR EXUQW DUHD LQ
WKH WUDLQLQJ VHW RI FHUWDLQ SL[HOV 6XFK WHFKQLTXHV FRXOG EH XVHG WR KLJKOLJKW
ODQG FRYHU FKDQJH GXH WR FOHDULQJ UDLQIDOO HYHQWV DQG ORFDOLVHG IORRGLQJ DQG LQ
ORQJHU WHUP ZRUN XUEDQ HQFURDFKPHQW DQG KHDW LVODQG HIIHFWV 'XH WR WKLV VWXG\
IRFXVLQJ RQ ILUH XVH RI WHFKQLTXHV VXFK DV 676 KDV RQO\ EHHQ DSSOLHG XVLQJ WKH
0:,5 DQG WKHVH RWKHU W\SHV RI FKDQJH PD\ EH PRUH HDVLO\ LGHQWLILHG ZKHQ WKHVH
WHFKQLTXHV DUH DSSOLHG WR RWKHU ZDYHOHQJWKV :KLOVW WKHPHWKRGV GHVFULEHG LQ WKLV
WKHVLV DUH QRW E\ DQ\ PHDQV WKH SDQDFHD IRU DOO FKDQJH GHWHFWLRQ UHODWHG LVVXHV LQ
UHPRWH VHQVLQJ WKHUH LV SRWHQWLDO IRU VRPH SDUWV RI WKLV ZRUN WR EH H[WHQGHG WR
SURYLGH SRWHQWLDO VROXWLRQV WR D UDQJH RI GLIIHUHQW SUREOHPV
7KH WHFKQRORJLFDO VLGH RI UHPRWH VHQVLQJ FRQWLQXHV WR SXVK IRUZDUG ZLWKPRUH
DGYDQFHG VHQVRUV DQG JUHDWHU YROXPHV RI GDWD DYDLODEOH IURP SODWIRUPV ERWK LQ
SRODU DQG JHRVWDWLRQDU\ RUELWV :LWK WKLV SUROLIHUDWLRQ RI VDWHOOLWH LQIRUPDWLRQ
HVSHFLDOO\ LQ WKH WHPSRUDO VSDFH IRU JHRVWDWLRQDU\ LPDJHU\ ZH SRVVHVV WKH FDSD
ELOLW\ WR PRQLWRU DQG PHDVXUH FKDQJH ZLWK D JUHDWHU FDSDFLW\ WKDW HYHU EHIRUH 3R
ODU RUELWLQJ VHQVRUV UHPDLQ WKH JROG VWDQGDUG IRU UHVHDUFK LQ UHPRWH VHQVLQJ GXH
WR WKHLU VXSHULRU VSDWLDO FKDUDFWHULVWLFV EXW WKHLU SODFHPHQW LQ VXQV\QFKURQRXV
SRVLWLRQV WR DLG YLVLEOH OLJKW PHDVXUHPHQWV KDV NHSW UHVHDUFK IURP SURSHUO\ WDFN
OLQJ WKH UROH RI WLPH LQ SUHGLFWLRQ WHFKQLTXHV :LWK VDWHOOLWH ODXQFKLQJ EHFRPLQJ
FKHDSHU WKDQ HYHU WKHUH ZLOO VRRQ EH D GHPDQG IRU WKH VSDWLDO UHVROXWLRQ RI SURG
XFWV ZH VHH IURP SRODU RUELWHUV EH\RQG WKH RQH RU WZR GDLO\ LPDJHV ZH FXUUHQWO\
HQMR\ $V WKH FXUUHQW FRQVWHOODWLRQ RI SRODURUELWHUV LQFUHDVHV WKH WHPSRUDO GHQ
VLW\ RI REVHUYDWLRQV IURP WKHVH VRXUFHV ZLOO LQFUHDVH FRQFXUUHQWO\ 7KH DSSOLFD
ELOLW\ RI PXOWLWHPSRUDO WHFKQLTXHV RXWOLQHG LQ WKLV WKHVLV WKDW DUH HIIHFWLYH ZLWK
JHRVWDWLRQDU\ VHQVRUV ZLOO VRRQ EH DSSOLFDEOH WR GDWD REWDLQHG IURP DQ LQFUHDVHG
QXPEHU RI SRODU RUELWLQJ VHQVRUV
8OWLPDWHO\ WKH EHVW RXWFRPH RI WKLV UHVHDUFK ZRXOG EH WKH LQWHJUDWLRQ RI WKHVH
WHFKQLTXHV LQ D GDWD DVVLPLODWLRQ IUDPHZRUN XWLOLVLQJ LPDJHU\ IURP ERWK SRODU DQG
JHRVWDWLRQDU\ RUELWHUV DV ORQJ DV WKH FKDOOHQJHV RI VFDOLQJ EHWZHHQ GDWD VRXUFHV
DQG FRYHUDJH YDULDELOLW\ FDQ EH RYHUFRPH 7KH QHHG IRU PRUH UHVHDUFK LQ WKLV
ILUH GHWHFWLRQ VSDFH UHPDLQV DQG FRQWULEXWLRQV PDGH E\ WKLV ERG\ RI ZRUN ZLOO
KRSHIXOO\ LQVSLUH IXWXUH VROXWLRQV
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@ : ;X 0 - :RRVWHU 7 .DQHNR - +H 7 =KDQJ DQG ' )LVKHU 0DMRU DG
YDQFHV LQ JHRVWDWLRQDU\ ILUH UDGLDWLYH SRZHU )53 UHWULHYDO RYHU $VLD DQG
$XVWUDOLD VWHPPLQJ IURP XVH RI +LPDUDZL $+, 5HPRWH 6HQVLQJ RI (QYL
URQPHQW ² PD\ 
>@ : ;X 0 - :RRVWHU * 5REHUWV DQG 3 + )UHHERUQ 1HZ *2(6 LPDJHU DOJR
ULWKPV IRU FORXG DQG DFWLYH ILUH GHWHFWLRQ DQG ILUH UDGLDWLYH SRZHU DVVHVVPHQW
DFURVV 1RUWK 6RXWK DQG &HQWUDO $PHULFD 5HPRWH 6HQVLQJ RI (QYLURQPHQW
² VHS 
>@ =KHQJPLQJ :DQ DQG =KDR/LDQJ /L $ SK\VLFVEDVHG DOJRULWKP IRU UHWULHYLQJ
ODQGVXUIDFH HPLVVLYLW\ DQG WHPSHUDWXUH IURP (2602',6 GDWD ,((( 7UDQV
DFWLRQV RQ *HRVFLHQFH DQG 5HPRWH 6HQVLQJ ² MXO 

6XPPDU\
)LUH LV DQ LQWHJUDO FDWDO\VW IRU FKDQJH DQG UHJHQHUDWLRQ LQ WKH HQYLURQPHQW DORQJ
ZLWK EHLQJ D PDMRU LPSDFW RQ VRFLDO DQG HFRQRPLF DFWLYLW\ ,Q HYROYLQJ FOLPDWLF
FRQGLWLRQV ZLOGILUHV DUH LQFUHDVLQJ ERWK LQ LQWHQVLW\ DQG LQ DUHD LPSDFWHG LQ UH
FHQW \HDUV 5HPRWH VHQVLQJ KDV EHHQ XVHG IRU PDQ\ GHFDGHV WR SURYLGH LQVLJKW
LQWR ILUH DFWLYLW\ DQG LPSDFW WKURXJK WKH XVH RI LQIUDUHG LPDJHU\ IRU DFWLYH ILUH
GHWHFWLRQ (OHFWURPDJQHWLF ZDYHOHQJWKV DW DURXQG P DUH SDUWLFXODUO\ VHQVLWLYH
WR ILUH DFWLYLW\ LQ FRPSDULVRQ WR QRPLQDO FRQGLWLRQV ZKLFK LQFRUSRUDWH ERWK VR
ODU UHIOHFWLRQ DQG WKHUPDO HPLVVLRQ RI WKH HDUWK·V VXUIDFH %ULJKWQHVV WHPSHUDWXUH
PHDVXUHPHQWV LQ WKHVH ZDYHOHQJWKV LVRODWLQJ VXFK UDGLDWLYH DQRPDOLHV HQDEOH ILUH
GHWHFWLRQ DQG DWWULEXWLRQ IURP VDWHOOLWH VHQVRUV 7KH SURFHVVHV LQYROYHG LQ SURYLG
LQJ WKHVH DFWLYH ILUH SURGXFWV UHTXLUH DQ DFFXUDWH HVWLPDWLRQ RI WKH EDFNJURXQG
EULJKWQHVV WHPSHUDWXUH RI WKH DUHD LQ TXHVWLRQ ZLWKRXW WKH LQIOXHQFH RI ILUH 7KHVH
FRPPRQO\ XVHG DFWLYH ILUH SURGXFWV JHQHUDOO\ XVH D FRQWH[WXDOEDVHG HVWLPDWH WR
SURYLGH WKLV EDFNJURXQG WHPSHUDWXUH LQIRUPDWLRQ :KLOVW WKLV HVWLPDWLRQ WHFK
QLTXH LV ZLGHO\ DFFHSWHG IRU XVH HVSHFLDOO\ LQ VLQJOH WLPHSRLQW SRODU RUELWLQJ
SURGXFWV WKH LQWURGXFWLRQ RI QHZ JHQHUDWLRQ JHRVWDWLRQDU\ VHQVRUV SURYLGHV VXE
VWDQWLDO LPSURYHPHQWV WR NQRZOHGJH DERXW WKH HDUWK·V VXUIDFH HVSHFLDOO\ ZLWK
UHJDUG WR GLXUQDO YDULDWLRQ 7KHVH VHQVRUV SURYLGH DQ RSSRUWXQLW\ WR QRW RQO\
HYDOXDWH WKH DFFXUDF\ RI FRQWH[WEDVHG HVWLPDWLRQ RI EULJKWQHVV WHPSHUDWXUH EXW
WR LQWHJUDWH WKH ULFK VSDWLRWHPSRUDO LQIRUPDWLRQ SURYLGHG E\ VXFK VHQVRUV WR
LPSURYH WKH DFFXUDF\ DQG DYDLODELOLW\ RI EDFNJURXQG HVWLPDWHV
,Q RUGHU WR GHWHUPLQH DQ DGHTXDWH OHYHO RI DFFXUDF\ UHTXLUHG IRU WKH GHULYDWLRQ
RI QHZ WHPSHUDWXUH HVWLPDWRUV LW ZDV LPSRUWDQW WR NQRZ WKH DFFXUDF\ RI WKH FXU
UHQW SDUDGLJP RI FRQWH[WXDO WHPSHUDWXUH HVWLPDWLRQ 7R GDWH ZKLOVW FRQWH[WXDO
WHPSHUDWXUH HVWLPDWLRQ LV ZLGHO\ XVHG QR GHILQLWLYH VWXG\ RI WKH H[SHFWHG HUURU
LQ WHPSHUDWXUH HVWLPDWHV KDG EHHQ FRPSOHWHG $Q DQDO\VLV RI WKH HUURU LQYROYHG
LQ FRQWH[WXDO HVWLPDWLRQ ZDV FRQGXFWHG XSRQ PHGLXP ZDYH LQIUDUHG UDGLDWLRQ
0:,5 LPDJHV WDNHQ E\ WKH $+, VHQVRU RQERDUG WKH +LPDZDUL JHRVWDWLRQ
DU\ VDWHOOLWH &RPSDULVRQV ZHUH PDGH EHWZHHQ FRQWH[WXDO HVWLPDWHV DQG WKH UDZ
EULJKWQHVV WHPSHUDWXUH REVHUYDWLRQV RYHU WKH $+, IXOO GLVN IRU  LPDJHV DW
 87& DFURVV  DQG DFURVV D QXPEHU RI FDVH VWXG\ DUHDV IRU  GD\V RI
LPDJHV VXUURXQGLQJ WKH SHDN ILUH SHULRG DV GHWHUPLQHG E\ WKH 9,,56 DFWLYH ILUH
SURGXFW 7KH VWXG\ IRXQG WKDW YDULDWLRQ LQ WHPSHUDWXUH HVWLPDWLRQV IURP FRQ
WH[W KDG QHJOLJLEOH ELDV DQG VWDQGDUG GHYLDWLRQV DURXQG . ZKHQ WKH VXUURXQG
LQJ 5 × 5 DUHD ZDV FOHDU RI FORXG ZKLFK RFFXUUHG LQ  RI FDVHV $FFXUDF\
GLPLQLVKHG DV WKH FRQWH[WXDO HVWLPDWLRQ VXUIDFH ZDV REVFXUHG VXFK WKDW SL[HOV
ZLWK  RU PRUH FRQWH[W DYDLODEOH H[SHULHQFHG D  LQFUHDVH LQ HVWLPDWH YDULD
WLRQ 7KH FRPPRQ SUDFWLFH RI ZLQGRZ H[SDQVLRQ VDZ WKH YDULDWLRQ RI HVWLPDWHV

LQFUHDVH VXEVWDQWLDOO\ ZLWK 7× 7 ZLQGRZV UHVXOWLQJ LQ D  LQFUHDVH LQ YDULDWLRQ
RYHU WKH 5×5 UHVXOWV 7KH VWXG\ FRQFOXGHG WKDW 5×5 FRQWH[WXDO HVWLPDWLRQ VKRXOG
EH OLPLWHG WR XVLQJ YDOXHV ZKHUH DW OHDVW  RI WKH FRQWH[WXDO VXUIDFH LV DYDLODEOH
ZLWK QR H[SDQVLRQ RI WKH FRQWH[WXDO ZLQGRZ GXH WR WKH GHWULPHQWDO HIIHFW RQ HVWL
PDWLRQ DFFXUDF\ 7KLV UHVXOWHG LQ  LQ  QRQREVFXUHG SL[HOV  LQ WKH H[DP
LQHG LPDJHV QRW KDYLQJ DFFXUDWH FRQWH[WXDO HVWLPDWHV DYDLODEOH &RPPRQ FDXVHV
RI LQFUHDVHG FRQWH[WXDO LQDFFXUDF\ LQFOXGHG FRDVWOLQHV ODQG FRYHU FKDQJHV VORSH
DQG DVSHFW RI WKH VXUIDFH XUEDQ KHDW VLJQDWXUHV DQG ODQG LQXQGDWLRQ ZLWK WKHVH
HIIHFWV KLJKOLJKWHG LQ WKH H[DPLQHG FDVH VWXGLHV
:LWK WKH LGHQWLILFDWLRQ RI LQDGHTXDFLHV LQ WKH FRQWH[WXDO HVWLPDWLRQ PHWKRG
LQYHVWLJDWLRQ RI PHWKRGV WR OHYHUDJH WKH WHPSRUDO GRPDLQ RI WKH JHRVWDWLRQDU\
VHQVRU WR ILOO WKHVH JDSV ZDV XQGHUWDNHQ 3DUWLFXODU IRFXV ZDV SODFHG XSRQ WKH
PRGHOOLQJ RI WKH GLXUQDO WHPSHUDWXUH YDULDWLRQ RI ORFDWLRQV DQG LQ SDUWLFXODU KRZ
JDSV LQ WKH WUDLQLQJ GDWD IRU VXFK PRGHOV FRXOG EH ILOOHG 3UHYLRXV VWXGLHV WKDW
KDG XVHG GLXUQDO PRGHOOLQJ LQ W\SLFDOO\ FORXG REVFXUHG DUHDV KDG LGHQWLILHG GHIL
FLHQFLHV LQ WKH XVH RI VLQJOH SL[HO GDWD IRU FUHDWLQJ WHPSHUDWXUH PRGHOV $ QHZ
WHFKQLTXH ZDV GHYHORSHG XVLQJ D VWDQGDUGLVHG PRGHO RI GLXUQDO WHPSHUDWXUH YDUL
DWLRQ EDVHG XSRQ WKH ODWLWXGH RI WKH H[DPLQHG DUHD DQG FRUUHFWHG IRU ORFDO VRODU
WLPH 5HVXOWV IURP PRGHOV FUHDWHG E\ WKLV PHWKRG NQRZQ WKH %URDG $UHD 7UDLQ
LQJ %$7 PHWKRG ZHUH FRPSDUHG WR D VLQJOHSL[HO GHULYHG PRGHO DQG WKH UDZ
WHPSHUDWXUH UHFRUGLQJV IURP $+, 7KH FRPSDULVRQ IRXQG WKDW WKH 506 HUURU RI
WKH %$7GHULYHG PRGHOV PDLQWDLQHG VXIILFLHQW DFFXUDF\ IRU WHPSHUDWXUH HVWLPD
WLRQ ZLWK XS WR KDOI WKH HVWLPDWLRQ GD\V· YDOXHV REVFXUHG E\ FORXG ZLWK HUURUV
UHGXFHG E\ PRUH WKDQ  FRPSDUHG WR WKH VLQJOH SL[HO PHWKRG ZLWK EHWZHHQ
 ²  FORXG DIIHFWHG LPDJHV SUHVHQW LQ WKH GD\ RI HVWLPDWLRQ 7KH PHWKRG
DOVR LQFUHDVHG WKH DYDLODELOLW\ RI WUDLQLQJ GDWD IRU PRGHOOLQJ XVLQJ WKLV W\SH RI
PXOWLWHPSRUDO PHWKRG ZLWK XS WR  RI SL[HOV DFURVV WKH $XVWUDOLDQ FRQWLQHQW
SRVVHVVLQJ VXIILFLHQW WUDLQLQJ GDWD IRU HVWLPDWLRQ LQ FRPSDULVRQ WR  IRU WKH
VLQJOHSL[HO PRGHO
7KH VXFFHVV RI EULJKWQHVV WHPSHUDWXUH HVWLPDWLRQ XVLQJ WKH %$7 PHWKRG OHG
WR DQ LQYHVWLJDWLRQ RI WKH SRWHQWLDO LVRODWLRQ RI EULJKWQHVV WHPSHUDWXUH DQRPDOLHV
XVLQJ WKHVH PRGHOV $ FRPSDULVRQ VWXG\ ZDV XQGHUWDNHQ XVLQJ DFWLYH ILUH LQIRU
PDWLRQ WDNHQ IURP WKH 02',6 DQG 9,,56 DFWLYH ILUH SURGXFWV DQG EXUQHG DUHD
LQIRUPDWLRQ IURP WKH 7(51 $XVFRYHU 02',6 %XUQHG $UHD SURGXFW DQG LQIRUPD
WLRQ IURP WKHVH WKUHH VRXUFHV ZDV FRPSDUHG WR DQRPDOLHV LVRODWHG IURP WKH %$7
PRGHOOLQJ RI WKH DIIHFWHG ORFDWLRQV XVLQJ D QXPEHU RI UXGLPHQWDU\ WHPSHUDWXUH
WKUHVKROGV $QRPDOLHV ZHUH GHWHFWHG WKH %$7 PRGHOOLQJ RI WHPSHUDWXUH DJDLQVW
UDZ LPDJH WHPSHUDWXUHV LQ EHWZHHQ ² RI FDVHV ZKHUH D /(2 ILUH GHWHFWLRQ
WRRN SODFH ZLWK YDULDWLRQ EDVHG XSRQ WKH WKUHVKROG VHW 6\QFKURQRXV ILUH DFWLY
LW\ ZDV GHWHFWHG EHWZHHQ /(2 ILUH SURGXFWV DQG WKH %$7 DQRPDOLHV LQ EHWZHHQ

² RI FDVH ZKHUH ILUHV ZHUH LGHQWLILHG E\ ERWK DFWLYH ILUH SURGXFWV 8VLQJ
%$7 WR ILQG DQRPDOLHV DOVR UHVXOWHG LQ DQ LQFUHDVH RI DQRPDOLHV GHWHFWHG DERYH
WKH /(2 SURGXFWV ZLWK EHWZHHQ ² RI EXUQHG DUHD SL[HOV ZLWKRXW /(2 DFWLYH
ILUH KRWVSRWV UHVXOWLQJ LQ DQRPDORXV WHPSHUDWXUH GHWHFWLRQV 7KH FRPSDULVRQ
RI DQRPDO\ WLPH RI GHWHFWLRQ YHUVXV WKH /(2 ILUH SURGXFWV ZDV QRW XQH[SHFWHGO\
IDYRXUDEOH WR WKH %$7 DQRPDOLHV ZLWK LPSURYHPHQWV LQ LQLWLDO LVRODWLRQ RI ²K
RYHU WKH WZR /(2 SURGXFWV XVHG
:KLOVW WKH %$7 PHWKRG RI WHPSHUDWXUH PRGHOOLQJ ZDV UHODWLYHO\ VXFFHVVIXO LQ
LVRODWLRQ RI DQRPDOLHV LQ JHRVWDWLRQDU\ LPDJHU\ LQYHVWLJDWLRQV OHG WR WKH LGHQ
WLILFDWLRQ RI PHWKRGV RI HVWLPDWLRQ WKDW FRXOG WKHRUHWLFDOO\ EH DSSOLHG WR ERWK
JHRVWDWLRQDU\ DQG /(2 VHQVRU LPDJHU\ $ QHZ PHWKRG RI EDFNJURXQG WHPSHUD
WXUH HVWLPDWLRQ ZDV GHYHORSHG WKLV WLPH XVLQJ WKH VLPLODULWLHV RI WHPSHUDWXUHV
PHDVXUHG LQ D VHDUFK UDGLXV DURXQG WKH WDUJHW WR EH HVWLPDWHG LQ RUGHU WR GHULYH
VXLWDEOH FDQGLGDWH SL[HOV IRU HVWLPDWLRQ IURP D VLQJOH LPDJH 7KLV PHWKRG NQRZQ
DV WKH 6SDWLR7HPSRUDO 6HOHFWLRQ 676 PHWKRG ZDV DSSOLHG WR LPDJHV IURP D QXP
EHU RI FDVH VWXG\ DUHDV DFURVV WKH $+, IXOO GLVN DQG FRPSDULVRQV ZHUH PDGH
ZLWK YDOXHV IURP WKH SUHGLFWLRQ LPDJH DQG WKH 5 × 5 FRQWH[WXDO HVWLPDWLRQ 7KH
676 PHWKRG GHPRQVWUDWHV D ² LPSURYHPHQW LQ YDULDWLRQ RYHU FRQWH[WXDOO\
GHULYHG WHPSHUDWXUHV ZLWK PDUNHG LPSURYHPHQWV LQ YLVXDOO\ DVVHVVHG DFFXUDF\
7KH PHWKRG DOVR SURYLGHV PRUH HVWLPDWHV RI WHPSHUDWXUH WKDQ WKH FRQWH[WXDO HV
WLPDWRU ZLWK EHWZHHQ ² PRUH SL[HOV DEOH WR KDYH WKHLU EULJKWQHVV WHPSHU
DWXUH HVWLPDWHG 7KH VWXG\ GHPRQVWUDWHG WKH SRWHQWLDO H[WHQVLRQ RI WKH PHWKRG
LQWR XVH RI /(2 LPDJHU\ DQG KLJKOLJKWHG RWKHU GHILFLHQFLHV ZLWK WKH FRQWH[WXDO
HVWLPDWLRQ PHWKRG WKDW WKH ILUVW VWXG\ RI WKH WKHVLV GLG QRW LGHQWLI\

6DPHQYDWWLQJ
6DWHOOLHWWHOHGHWHFWLH KHHIW HHQ ODQJH HQ VXFFHVYROOH JHVFKLHGHQLV YDQ JHEUXLN YRRU
EUDQGGHWHFWLHGRHOHLQGHQ HQ PHW YHUDQGHUHQGH NOLPDWRORJLVFKH RPVWDQGLJKHGHQ
HQ GH WRHQDPH YDQ GRRU GH PHQV YHURRU]DDNWH ODQGVFKDSVYHUDQGHULQJHQ ZRUGW
QDXZNHXULJHU HQ WLMGLJHUH EUDQGGHWHFWLH VWHHGV EHODQJULMNHU (HQ LQWULQVLHNH HLJHQ
VFKDS YDQ YHHO YDQ GH EUDQGGHWHFWLHDOJRULWPHQ GLH WHJHQZRRUGLJ DOJHPHHQ ZRU
GHQ JHEUXLNW LV GH DIKDQNHOLMNKHLG YDQ NHQQLV YDQ GH RQYHUVWRRUGH VWDDW YDQ GH
NDQGLGDDWSL[HO YRRU GHWHFWLH 2PGDW GLW QLHW GLUHFW NDQ ZRUGHQ JHPHWHQ YDQ
ZHJH GH EXLWHQPDDWVH ELMGUDJH YDQ YXXU DDQ KHW WRWDOH VWUDOLQJVEXGJHW PRHWHQ
VFKDWWLQJVPHWKRGHQ YRRU GH]H RQYHUVWRRUGH VWDDW ZRUGHQ JHEUXLNW RP DIZLMNHQG
JHGUDJ YDQ EHHOGSL[HOV DFFXUDDW WH LGHQWLILFHUHQ 'H YHUUHZHJ GH YRRUNHXU JHQL
HWHQGH PHWKRGH YRRU KHW EHUHLNHQ YDQ GH]H VFKDWWLQJ LQ GH PHHVWH RSHUDWLRQHOH
SURGXFWHQ LV KHW JHEUXLN YDQ HHQ VFKDWWLQJ RS EDVLV YDQ GH KHOGHUKHLGVWHPSHUD
WXUHQ YDQ GH SL[HOV GLH GLUHFW URQGRP GH NDQGLGDDWSL[HO OLJJHQ LQ HHQ FRQYROX
WLHILOWHUVWLMOSURFHV
'H QDXZNHXULJKHLG YDQ RS GH FRQWH[W JHEDVHHUGH KHOGHUKHLGVWHPSHUDWXXUVFKDW
WLQJHQ ZRUGW EHSHUNW GRRU KRH KHW RPULQJHQGH ODQGVFKDS LV YRRU GH NDQGLGDDW
SL[HO )DFWRUHQ ]RDOV GH KHOOLQJ HQ KHW DVSHFW YDQ GH ODQGYRUP ODQGEHGHNNLQJ HQ
ODQGJHEUXLN HQ GH DDQZH]LJKHLG YDQ ZDWHU LQ HHQ GHHO YDQ RI LQ GH RPULQJHQGH
SL[HOV GUDJHQ DOOHPDDO ELM DDQ GH UHVXOWHUHQGH IRXWHQ LQ WHPSHUDWXXUVFKDWWLQJ
PHW EHKXOS YDQ GH FRQWH[W 9HUGHUH YHUVWRUHQGH LQYORHGHQ ]RDOV EHZRONLQJ HQ LQ
JHYDO YDQ EUDQG GH DDQZH]LJKHLG YDQ URRN KHEEHQ RRN LQYORHG RS KHW SRWHQWLsOH
HQHUJLHEXGJHW GDW ZRUGW WRHJHVFKUHYHQ DDQ GH RPULQJHQGH SL[HOV HQ GXV RS GH
FHQWUDOH VFKDWWLQJ 2QGDQNV KHW ZLMGYHUEUHLGH JHEUXLN YDQ GLW VRRUW VFKDWWLQJHQ
KHHIW JHHQ HHUGHUH VWXGLH RQGHU]RFKW KRHYHHO GH IRXW LQ GH FRQWH[WXHOH VFKDWWLQJ
NDQ ELMGUDJHQ DDQ IRXWLHYH UHVXOWDWHQ YDQ KHW JHEUXLN YDQ HHQ GHUJHOLMNH VFKDWWHU
'H FHQWUDOH GULYHU YDQ GLW SURHIVFKULIWRQGHU]RHN LV WZHHYRXGLJ  WHQ HHUVWH RP
GH LQKHUHQWH IRXWHQ WH NZDQWLILFHUHQ GLH EHWUHNNLQJ KHEEHQ RS KHW JHEUXLN YDQ
FRQWH[WXHOH VFKDWWLQJ YDQ GH DFKWHUJURQGKHOGHUKHLGVWHPSHUDWXXU HQ WHQ WZHHGH
RP QLHXZH PHWKRGHQ DI WH OHLGHQ YRRU KHW YHUNULMJHQ YDQ HHQ DFKWHUJURQGWHP
SHUDWXXU GLH KXQ VFKDWWLQJHQ QLHW DOOHHQ EDVHHUW RS RYHUHHQNRPVWHQ LQ ORFDWLH
PDDU RS NRUWHWHUPLMQWHPSRUHOH UHODWLHV GLH HONH SL[HO KHHIW PHW SRWHQWLsOH NDQ
GLGDDWVFKDWWHUV
'H UHHNV JHVFKLNWH VHQVRUHQ YDQ GH KXLGLJH GDJ YRRU GH WDDN KHHIW RRN JHOHLG
WRW HHQ VWXGLH YDQ GLW W\SH ,Q GH DIJHORSHQ YLHU MDDU ]LMQ QLHXZH JHRVWDWLRQ
DLUH SODWIRUPV JHODQFHHUG PHW VHQVRUHQ GLH RQ]H GHNNLQJ YDQ GH ZHUHOG KHEEHQ
YHUJURRW HQ NULWLVFK YRRU EUDQGGHWHFWLH RQ]H WLMGHOLMNH UHVROXWLH YDQ EHHOGYHU
VSUHLGLQJ YHUJURRW *HNRSSHOG DDQ GH YHUEHWHUGH UXLPWHOLMNH HQ UDGLRPHWULVFKH
UHVROXWLHV YDQ GH]H VHQVRUHQ ZRUGHQ ZH QX VWHHGV PHHU RYHUVSRHOG PHW JHR

VWDWLRQDLUH EHHOGHQ GLH GH EHHOGNZDOLWHLW YDQ VRPPLJH ODJH DDUGEDDQEHHOGHQ YDQ
VOHFKWV  MDDU JHOHGHQ EHQDGHUHQ ]R QLHW JHOLMN ]LMQ 1RRLW HHUGHU KHEEHQ
ZH GH GDJHOLMNVH ·KHDUWEHDW· YDQ GH DDUGH LQ ]RYHHO GHWDLO JHSUHVHQWHHUG DOV GH]H
ZRUGW JHOHYHUG GRRU GH]H UHFRUGHUV +HW KXLGLJH SDUDGLJPD YRRU VFKDWWLQJ YDQ
GH KHOGHUKHLGVWHPSHUDWXXU LV JHEDVHHUG RS PHWKRGHQ GLH EHHOGHQ DOV GLVFUHHW
HQ RQDIKDQNHOLMN EHKDQGHOHQ WHUZLMO GH]H VHQVRUHQ RQV LQ VWDDW VWHOOHQ PHHU WH
GRHQ GDQ GDW ZDDUELM ZH QLHW DOOHHQ LQIRUPDWLH XLW GH UXLPWHOLMNH RPJHYLQJHQ
YDQ KHW HQNHOH EHHOG PDDU RRN XLW GH EHHOGHQ NXQQHQ JHEUXLNHQ RQPLGGHOOLMN
YRRUDIJDDQ DDQ GH WLMG
+RRIGVWXN  YDQ GLW SURHIVFKULIW VFKHWVW KHW KXLGLJH EUDQGGHWHFWLHSDUDGLJPD
HQ GH UROVFKDWWLQWHPSHUDWXXUVFKDWWLQJ VSHHOW ELM KHW EHVFKULMYHQ YDQ KHW EHVWDDQ
YDQ YXXU LQ KHW ODQGVFKDS 'H KRRIGVWXNNHQ  YDQ GLW SURHIVFKULIW ULFKWHQ ]LFK
RS KHW DDQSDNNHQ YDQ GH RQGHU]RHNVGRHOVWHOOLQJHQ GLH ZRUGHQ JHVFKHWVW LQ SDUD
JUDDI  ZDDUYDQ GH EHODQJULMNVWH EHYLQGLQJHQ LQ GH]H SDUDJUDDI ZRUGHQ EHVSUR
NHQ 'LW ODDWVWH KRRIGVWXN ELHGW HHQ VDPHQYDWWLQJ HQ V\QWKHVH YDQ GH EHODQJUL
MNVWH RQGHU]RHNVUHVXOWDWHQ VDPHQ PHW HHQ URXWHNDDUW YRRU WRHNRPVWLJH XLWEUHL
GLQJ YDQ GH PHWKRGHQ GLH ZRUGHQ EHVFKUHYHQ LQ GLW ZHUN YRRU EUDQGGHWHFWLH HQ
DQGHUH YHOGHQ
9UDDJ  :DW LV KHW HIIHFW YDQ V\VWHPDWLVFKH HQ VWUXFWXUHOH IRXWHQ YHURRU]DDNW
GRRU KHW JHEUXLN YDQ FRQWH[WXHOH VFKDWWLQJ LQ JHZRQH EUDQGGHWHFWLHWHFKQLHNHQ"
&RQWH[WXHHO JHJHQHUHHUGH DFKWHUJURQGWHPSHUDWXXUVFKDWWLQJ EOHHN HHQ YROGRHQGH
QDXZNHXULJH PHWKRGH WH ]LMQ LQ VLWXDWLHV ZDDU ZHLQLJ WRW JHHQ RFFOXVLH YDQ GH
GRHOFRQWH[W RSWUHHGW PDDU GDW GH]H UHODWLH GHJHQHUHHUGH ]RGUD PHHU GDQ HHQ
GHUGH YDQ GH GRHOFRQWH[W LV DIJHVORWHQ 8LW HHQ YROOHGLJH VFKLMIDQDO\VH YDQ DI
EHHOGLQJHQ YDQ GH $+,VHQVRU EOHHN GDW SL[HOV PHW HHQ FRQWH[WXHOH EHVFKLN
EDDUKHLG YDQ PLQGHU GDQ  HHQ WRHQDPH YDQ  LQ VFKDWWLQJVYDULDELOLWHLW
YHUWRRQGHQ LQ YHUJHOLMNLQJ PHW GLH SL[HOV GLH JHHQ DDQJUHQ]HQGH EHZRONLQJ KDG
GHQ PHW GH]H PDWH YDQ YDULDWLH VWLMJHQ PHW PLQGHU EHVFKLNEDUH FRQWH[WSL[HOV
*HJHYHQ GH QDXZNHXULJKHLG ]RDOV EHSDDOG LQ WDEHO  ZHUG DDQJHQRPHQ GDW
WHQ PLQVWH  YDQ GH FRQWH[WSL[HOV EHVFKLNEDDU ]RX PRHWHQ ]LMQ RP GH DFKWHU
JURQGWHPSHUDWXXU YDQ HHQ GRHOSL[HO XLW GH FRQWH[W QDXZNHXULJ LQ WH VFKDWWHQ
'H]HZDDUGH ZLVVHOW GH QDXZNHXULJKHLG YDQ GH VFKDWWLQJ YHUVXV GH EHVFKLNEDDUKHLG
YDQ VFKDWWLQJHQ YDQ GH SL[HOWHPSHUDWXXU XLW PDDU ]HOIV PHW GH]H DFFHSWDWLHJUDDG
RQWYDQJW PHHU GDQ ppQ RS ]HYHQ SL[HOV  JHHQ WHPSHUDWXXUVFKDWWLQJ
'H]H VWXGLH WRRQGH YHUGHU DDQ GDW KHW JHEUXLN YDQ XLWEUHLGHQGH FRQWH[WXHOH
YHQVWHUV YRRU DFKWHUJURQGWHPSHUDWXXUEHSDOLQJ ]RDOV YDDN ZRUGW DDQJHWURIIHQ LQ
YHHO EUDQGSURGXFWHQ IXQGDPHQWHHO RQMXLVW LV 'H IRXW YDQ WHPSHUDWXXUVFKDWWLQJ
VWLMJW PHW ELMQD  ZDQQHHU GH ]RHNVWUDDO ZRUGW YHUKRRJG WRW VOHFKWV 7×7 LQ VLW
XDWLHV ZDDULQ HHQ GHUJHOLMNH EHKDQGHOLQJ QRRG]DNHOLMN ZHUG JHDFKW WDEHO  HQ
GH KHUVWHOIUHTXHQWLH YDQ WHPSHUDWXXUVFKDWWLQJHQ ELM KRJHUH YHQVWHUJURRWWHQ YRO

JHQV GH]H UHJHOV ZDV KRSHORRV %LMYRRUEHHOG ELM JHEUXLN YDQ GH ERYHQJHQRHPGH
FRQWH[WGUHPSHO YDQ  YHUKRRJGH KHW XLWEUHLGHQ YDQ KHW YHQVWHU KHW WRWDOH DDQ
WDO VFKDWWLQJHQ PHW  ZDDUELM GH PHHVWH YDQ GH]H VFKDWWLQJHQ VWDQGDDUGGHYL
DWLHV ERYHQ . YHUWRRQGHQ 'H]H VFKDWWLQJHQ ]LMQ WH ODZDDLHULJ RP HFKW WH NXQQHQ
ZRUGHQ JHEUXLNW NOHLQHUH EUDQGHQ ]RXGHQ YROOHGLJ ZRUGHQ JHsOLPLQHHUG JH]LHQ
GH WROHUDQWLHV GLH ]RXGHQ PRHWHQ ZRUGHQ WRHJHSDVW RP ]HNHUKHLG WH KHEEHQ ELM
KHW RSVSRUHQ YDQ DQRPDOLHsQ
$QDO\VH YDQ GH FRQWH[WXHOH VFKDWWLQJ FRQFHQWUHHUGH ]LFK RRN RS HHQ DDQWDO
FDVHVWXGLHJHELHGHQ GLH ZHUGHQ JHVHOHFWHHUG RP WH SXWWHQ XLW HHQ EUHHG VFDOD
YDQ EUHHGWHJUDDG NOLPDDW HQ ODQGYRUPHQ RP VWRUHQGH LQYORHGHQ WH LGHQWLIL
FHUHQ 'H EURQQHQ YDQ YDULDWLH LQ GH]H FDVHVWXGLHJHELHGHQ ZDUHQ ELMQD QHW ]R
GLYHUV DOV GH JHELHGHQ ]HOI %URQQHQ YDQ KRJH FRQWH[WXHOH VFKDWWLQJVYDULDWLHV
RPYDWWHQ EUDQG URRN VQHHXZ VHL]RHQ HQ UXLPWHOLMNH YDULDWLHV LQ ERGHPEH
GHNNLQJ UXUDOH HQ ODQGHOLMNH LQWHUIDFHV KHOOLQJ HQ DVSHFW VQHHXZOLMQHQ HQ ODQG
ZDWHULQWHUIDFHV 9DULDELOLWHLW WRRQGH VLJQLILFDQWH FOXVWHULQJ URQG ODQGVFKDSVHLJHQ
VFKDSSHQ PHW GH HIIHFWHQ YHUKRRJGZDQQHHU DIJHEHHOG ELM JURWHUH YHQVWHUJURRWWHV
*HELHGHQ PHW HHQ KRJH KHWHURJHQLWHLW YDQ GH ODQGEHGHNNLQJ ZDUHQ ELM]RQGHU
JHYRHOLJ YRRU KRJH VFKDWWLQJVYDULDWLHV HQ GLW ]LMQ RYHU KHW DOJHPHHQ NULWLHNH JH
ELHGHQ YRRU EUDQGGHWHFWLH HQ PRQLWRULQJ RPGDW GH]H VWHUN JHDVVRFLHHUG ]LMQ
PHW PHQVHOLMNH DFWLYLWHLW
9UDDJ  +RH NXQQHQ ZH GH JHPHHQVFKDSSHOLMNH GDJYDULDWLH YDQ RSZLQGHQGH
VWUDOLQJ JHEUXLNHQ RP GH KHOGHUKHLGVWHPSHUDWXXU RS HHQ UREXXVWH PDQLHU LQ WH
VFKDWWHQ"
+HW JHEUXLNHQ YDQ GH EDDQ YDQ GH YROOHGLJH VFKLMI RP ODFXQHV LQ HHQ PRGHO
SDVVLQJVWHFKQLHN RS WH YXOOHQ ZHUG EHZH]HQ DOV HHQ HIIHFWLHI KXOSPLGGHO YRRU KHW
JHQHUHUHQ YDQ VFKDWWLQJHQ YDQ GH KHOGHUKHLGVWHPSHUDWXXU 'H RQWZLNNHOGH PHWK
RGH DDQJHGXLG DOV GH %URDG $UHD 7UDLQLQJPHWKRGH DJJUHJHHUGH GH PHGLDQH WHP
SHUDWXXU YDQ .×. EORNNHQ GRRU ORNDOH ]RQQHWLMG LQ HHQ JHwGHDOLVHHUG GDJ
PRGHO YDQ KHW EUHHGWHJHZLMV ]ZDG 'LW GDJPRGHO GDW JHVWDQGDDUGLVHHUG ZDV
RS EDVLV YDQ KHW JHPLGGHOGH HQ GH VWDQGDDUGDIZLMNLQJ YDQ HON EORN ZHUG YHUYRO
JHQV JHILOWHUG RP XLWVFKLHWHUV WH YHUZLMGHUHQ .RSSHOLQJHQ QDDU LQGLYLGXHOH SL[HOV
JHEHXUGHQ YHUYROJHQV PHW KHW VWDQGDDUGPRGHO DOV EDVLV YRRU HHQ RQWOHGLQJ YDQ
HHQ HQNHOH ZDDUGH JHGXUHQGH GH YRRUJDDQGH  XXU YyyU GH YRRUVSHOOLQJVWLMG
,Q YHUJHOLMNLQJ PHW HHQ HQNHOH DDQSDVVLQJVPHWKRGH YRRU SL[HOV GLH ZHUG JH
EUXLNW LQ >@ RQGHUYRQG GH %$7PHWKRGH YROGRHQGH JHJHYHQV YRRU SL[HOWUDLQLQJ
LQ RQJHYHHU  YDQ GH JHYDOOHQ YHUJHOHNHQ PHW RQJHYHHU  YRRU GH PHWKRGH
PHW ppQ SL[HO 'H %$7PHWKRGH WRRQGH RRN HHQ VWHUNHUH YHHUNUDFKW LQ SL[HOV PHW
HHQ YHUKRRJGH EHZRONLQJ LQ GH YRRUJDDQGH GDJSHULRGH PHW JURWH YHUEHWHULQJHQ
LQ VFKDWWLQJVIRXWHQ ZDQQHHU WXVVHQ  HQ  YDQ GH GDJSHULRGH HHQ EHZRONLQJ
GRRUZLVWH 'H PHWKRGH WRRQGH YHUKRRJGH OHYHQVYDWEDDUKHLG LQ NXVWJHELHGHQ HQ

JHELHGHQ LQ KHW ]XLGRRVWHQ YDQ $XVWUDOLs GLH VOHFKW ZHUGHQ EHVWUHNHQ GRRU GH
WHFKQLHN YRRU KHW WRHSDVVHQ YDQ ppQ SL[HO GLH JHELHGHQ ]LMQ GLH ]LMQ DDQJHPHUNW
DOV NULWLVFK YRRU EUDQGGHWHFWLH HQ PRQLWRULQJ
9UDDJ  +RH HIIHFWLHI LV GH PHWKRGH RP EUHHG JHELHG DDQ WH SDVVHQ ELM KHW
LGHQWLILFHUHQ YDQ EUDQGJHUHODWHHUGH DIZLMNLQJHQ LQ KHOGHUKHLGVWHPSHUDWXXU LQ YHUJHOL
MNLQJ PHW DQGHUH EUDQGGHWHFWLHPHWKRGHQ"
,Q YHUJHOLMNLQJPHW YHHOJHEUXLNWH RS SRODLUH RPORRS JHEDVHHUGH EUDQGSURGXFWHQ
OHYHUGHQ %%7DIJHOHLGH VFKDWWLQJHQ HHQ VROLGH EDVLVOLMQ RS RP DQRPDOLHsQ LQ JHR
VWDWLRQDLUH EHHOGHQ WH LGHQWLILFHUHQ 9RRU VLWXDWLHV PHW EUDQGGHWHFWLHV YDQ ]RZHO
GH 9,,56 DOV GH 02',6DFWLHYH EUDQGSURGXFWHQ ZHUG LQ  YDQ GH JHYDOOHQ DE
QRUPDOH DFWLYLWHLW JHUHJLVWUHHUG ELM HHQ GUHPSHOZDDUGH YRRU FXWRIIWHPSHUDWXXU
YDQ . XVLQJ %$7 PHW V\QFKURQH GHWHFWLHV LQ ELMQD GH KHOIW YDQ GLH JHYDOOHQ
5HNHQLQJ KRXGHQG PHW GH YHHO JURWHUH SL[HOJURRWWH YDQ GH JHRVWDWLRQDLUH VHQVRU
HQ KHW NRUWVWRQGLJH NDUDNWHU YDQ YXXU ZDV GH RPLVVLHVQHOKHLG DDQ]LHQOLMN ODJHU
GDQ YHUZDFKW 'H FRPPLVVLH YDQ GHWHFWLHV PHW EHKXOS YDQ GH %%7PHWKRGH ELM GH
.GUHPSHO ZDV RQJHYHHU  LQ YHUJHOLMNLQJ PHW HHQ YHUEUDQG SURGXFW GDW ZDV
DDQJHSDVW YRRU KHW VWXGLHJHELHG GDW RRN ODJHU ZDV GDQ YHUZDFKW
9HUJHOLMNLQJHQ YRRU GH WLMG YDQ HHUVWH GHWHFWLH ZDV ZDDU GH %$7 PHWKRGH YDQ
DQRPDOLH LVRODWLH VWUDDOGH 9HUEHWHULQJHQ LQ GH GHWHFWLHWLMG ELM KHW JHEUXLN YDQ GH
%$7ILWWLQJHQ ELM $+,WHPSHUDWXXUPHWLQJHQ ZDUHQ WXVVHQ  XXU HQ  XXU DIKDQNH
OLMN YDQ GH QDELMKHLG YDQ GH WLMG YDQ DDQSDVVLQJ DDQ GH HHUVWH DIZLMNLQJ JHGH
WHFWHHUG LQ GH GDJF\FOXV YRRU GH .GUHPSHO 'LW ZDV KHW YHUZDFKWH JHGUDJ JH]LHQ
GH YHHO KRJHUH WHPSRUHOH GHNNLQJ YDQ GH JHRVWDWLRQDLUH VHQVRU PDDU ZDV QRJ
VWHHGV HHQ YHHOEHORYHQG UHVXOWDDW LQ GH FRQWH[W YDQ GH DDQSDVPHWKRGH HQ JH]LHQ
GH JURYH UXLPWHOLMNH UHVROXWLH 'H VWXGLH WRRQGH GH OHYHQVYDWEDDUKHLG YDQ KHW
JHEUXLN YDQ HHQ GHUJHOLMNH PHWKRGH LQ HHQ ELMQDUHDOWLPH FDSDFLWHLW RPGDW GH
QDXZNHXULJKHLG YDQ WHPSHUDWXXUILWWLQJHQ YHUEHWHUGH WRHQ GH VFKDWWLQJ GLFKWHU
ELM KHW WLMGVWLS YDQ GH HHUVWH GHWHFWLH HLQGLJGH
9UDDJ  +RH NXQQHQ ZH QD YHUORRS YDQ WLMG RYHUHHQNRPVWHQ LQ EHHOGORFDWLHV
JHEUXLNHQ RP RS HHQ ODWHU WLMGVWLS HHQ KHOGHUKHLGVWHPSHUDWXXUEHHOG WH UHFRQ
VWUXHUHQ"
$QDO\VH YDQ GH IRXW LQ JHOLMNWLMGLJH PHWLQJHQ JHGXUHQGH HHQ GLVFUHWH WLMGVSH
ULRGH NDQ OHLGHQ WRW GH LGHQWLILFDWLH YDQ JHVFKLNWH WUDLQLQJVSL[HOV YRRU GDDURSYRO
JHQGH WHPSHUDWXXUVFKDWWLQJ GLH ZRUGW RQGHU]RFKW PHW EHKXOS YDQ GH VSDWLR
WHPSRUHOH VHOHFWLHPHWKRGH YRRU VFKDWWLQJ 'H 676PHWKRGH WRRQW HHQ VLJQLILFDQWH
YHUEHWHULQJ LQ QDXZNHXULJKHLG YDQ WHPSHUDWXXUVFKDWWLQJ PHW LQGUXNZHNNHQGH
ZHHUJDYH YDQ DIEHHOGLQJHQ LQ YHUJHOLMNLQJ PHW GH RQEHZHUNWH VHQVRUEHHOGHQ 'H
676PHWKRGH WRRQW HHQ YHUEHWHULQJ LQ VFKDWWLQJVYDULDWLH WXVVHQ ² LQ JH
ELHGHQPHW YROGRHQGH KHOGHUH OXFKW YRRU SL[HOWUDLQLQJGRHOHLQGHQ YHUJHOHNHQPHW
5× 5 FRQWH[WXHOH VFKDWWLQJ 'H 676PHWKRGH PDDNW RRN WHPSHUDWXXUVFKDWWLQJHQ

PRJHOLMN RS PHHU ORFDWLHV RRN RQGHU FORXG PHW HHQ WRHQDPH YDQ GH EHVFKLN
EDDUKHLG YDQ VFKDWWLQJHQ WXVVHQ ² LQ YHUJHOLMNLQJ PHW FRQWH[WXHOH VFKDWWLQ
JHQ
'H UHVXOWDWHQ YDQ GH]H VWXGLH ZH]HQ RRN RS WHNRUWNRPLQJHQ LQ FRQWH[WXHOH
VFKDWWLQJHQ ZDQQHHU ]H ZHUGHQ JHFRQIURQWHHUG PHW DIZLMNHQG WHPSHUDWXXUJH
GUDJ PHW 676VFKDWWLQJHQ GLH GH]H DQRPDOLHsQ JHPDNNHOLMNHU NRQGHQ LGHQWLIL
FHUHQ PHW PLQGHU UXLV HQ GLH JURWHUH JHELHGHQ PHW DIZLMNHQG WHPSHUDWXXUJHGUDJ
EHQDGUXNWHQ LQ YHUJHOLMNLQJ PHW GH FRQWH[WXHOH VFKDWWLQJHQ 'H 676ZHUNZLM]H
KHHIW RRN UXLPWH YRRU YHUEHWHULQJ PHW EHWUHNNLQJ WRW NDQGLGDDWSL[HOVHOHFWLH PHW
HHQ DDQWDO FULWHULD GLH NXQQHQ ZRUGHQ JHPRGLILFHHUG RP GH UHVXOWHUHQGH WHPSHU
DWXXUVFKDWWLQJ YHUGHU WH YHUEHWHUHQ
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